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U. S. S. COLORADO AND U. S. S. WEST VIRGINIA. 


DESCRIPTION AND OFFICIAL TRIALS. 


By’ CoMMANDER A. M. CuHartton, U. S. N., MEMBER. 


BuREAU OF ENGINEERING, NAvy DEPARTMENT. 


The U. S. S. Colorado and U. S. S. West Virginia are the 
last battleships to be added to the Navy under the Treaty for 
the Limitation of Armaments until 1934. 

These two vessels were authorized by an Act of Congress 
dated 29 August, 1916, at a contract price, to include hull and 
machinery, of cost plus a fixed fee. They are sister ships, as 
far as their hulls and arrangement of compartments for water 
tight integrity are concerned, of the Tennessee and Maryland. 

In describing the Colorado and West Virginia, reference 
will be made frequently to the Tennessee and Maryland. The 
description and trials of these vessels appeared in previous 
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2 COLORADO AND WEST VIRGINIA. 


numbers of the JouRNAL, those of the Tennessee in May, 1922, 
and those of the Maryland in February, 1923. Many of the 
differences noted below have been incorporated in the Tennes- 
see and Maryland since the descriptions of these vessels were 
published. 

The contract for the Colorado with the New York Ship- 
building Corporation was signed on 17 January, 1917, with 
supplementary contracts on 17 July, 1917, and 11 October, 
1920; that for the West Virginia with the Newport News 
Shipbuilding and Dry Dock Company on 5 December, 1916, 
with supplementary contracts on 29 May, 1917, and 18 June, 
1920. 

The keel of the Colorado was laid on 29 May, 1919, and 
the vessel was launched on 22 March, 1921. The vessel was 
commissioned on 30 August, 1923. Final trials were held 
off Rockland, Maine, on March 4 to 7 and July 8 and 9, 1924. 

The keel of the West Virginia was laid on 12 April, 1920, 
and the vessel was launched on 19 November, 1921. 

The vessel was commissioned on 1 December, 1923. Final 
trials were held 27 August to 3 September, 1924. 


HULL DATA. 


The hull characteristics of the Colorado and West Virginia 
are practically identical with those of the Maryland. 


Length between perpendiculars, feet...............cceeeee cece eeeee 600 
DP GOO AU LORE pig cas hw ds bs Wak Raa byw nb os EMRE SS Hees 624 
Length of straight keel; feet: oo6 oo bcos ses Soe ccs cece css csocseceans 539 
Breadth molded (L.W.L. 97 feet 3-1/4 inches), feet................ 96 
Draft, L.W.L. designed, above bottom of keel, feet and inches....... 30-6 
Displacement, normal at 30 feet 6 inches draft, tons.................. 32,550 
Area immersed midship section, square feet...... 2,900 

At designed draft ¢Area L.W.L. plane, square feet................ 42,280 
Wetted surface, square feet..................4- 75,000 

WWI so cya ike Fae pho eS a rntiivde vo Ren eatns .6400 

Coefficient of fineness {midship section .............20ccceeeeeeeees 9774 
LN a NG hb blo eA ee ep le cee Rea ohaeES -7244 

Fuel Oil capacity, 95 per cent capacity of compartments, tons........ 4,570 
Reserve feed water, capacity of compartments, tons...:............. 575 


Fresh Water tanks, capacity, tonsS............eccccecceeceecceeeees 























COLORADO AND WEST VIRGINIA. 


GENERAL DESCRIPTION OF HULL. 


In general appearance, the Colorado and West Virginia are 
identical with the Maryland. The arrangement of the various 
decks differs in small particulars from that on the Maryland. 
The differences will be noted below. 


SUPERSTRUCTURE DECK AND BRIDGES. 


The arrangement of the bridge on the Colorado and West 
Virginia is the same as that on the Maryland. The.superstruc- 
ture deck is also arranged in the same way except for the boat 
stowage. 


UPPER DECK. 


The upper deck arrangement is the same on both vessels 
as on the Maryland. 


MAIN DECK, 


The arrangement of the after part of the main deck (the 
uncovered portion) is the same on the Colorado and West 
Virginia as on the Maryland except that no airplane catapults 
have as yet been installed on the former vessels. 

On the Colorado, the covered portion forward contains the 
crew’s living quarters; laundry and ship’s store; the following 
offices; Supply, Ordnance, Executive and First Lieutenant; 
carpenter shop, barber shop, plumber and shipfitter shop; the 
general mess pantry; the main commissary store and issuing 
room; the Chief Petty Officers’ messroom and pantry; wash- 
rooms for the mess attendants, crew and Chief Petty Officers 
and storage space for running gear and tackle. 

On the West Virginia, the main deck forward is arranged 
as on the Maryland, except that the flag and dental offices and 
the crew’s barber shop are omitted from this deck. The 
plumber and fitter’s shop is located on this deck on the West 
Virginia. 
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SECOND DECK. 


On the Colorado, this deck contains the crew’s, C. P. O.’s 
and officers’ living quarters. No flag quarters are fitted, how- 
ever, as on the Maryland. The crew’s reception and reading 
room is on this deck, as well as the offices of the Captain, 
Chaplain and Engineer Officer and the dental, communication 
and decoding offices. 

The West Virginia’s arrangement on this deck is the same 
as the Maryland, with the addition of the flag and dental 
offices and the crew’s barber shop. 


THIRD DECK. 


The arrangement of the Colorado and West Virginia on this 
deck is the same as the Maryland, except that the kite balloon 
winch has been omitted. 


FIRST AND SECOND PLATFORMS AND HOLD. 


The Maryland’s arrangement holds for the Colorado and 
West Virginia on these decks. 


COMPLEMENT. 


The complement of the Colorado and West Virginia is prac- 
tically the same as that of the Maryland, one additional officer 
being allowed on the former vessels. The West Virginia, 
when acting as the flagship of the Commander-in-Chief, car- 
ries twenty-two additional officers as staff, and sixty-seven 
additional enlisted men. 


BATTERY. 
The equipment of guns and torpedoes is the same on the 
two vessels as on the Maryland. 
SMALL BOATS. 


Colorado. West Virgima. 
2—50-foot motor boats. 2—50-foot motor boats. 
2—50-foot motor sailers. 2—50-foot motor sailers. 
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2—40-foot motor sailers. 2—40-foot motor sailers. 
1—35-foot motor boat. 1—35-foot motor boat. 
2—31-foot racing cutters. 2—31-foot racing cutters. 
2—30-foot whale boats. 2—30-foot whale boats. 
2—14-foot punts. 2—14-foot punts. 
2—20-foot dinghies. 2—20-foot dinghies. 


1—26-foot motor life boat. 
1—12-foot wherry. 


All of these boats, with the exception of the whale boats, 
are stowed on the superstructure deck within reach of the boat 
cranes on each side of the deck. On the West Virgimia, the 
motor life boat is stowed in the nested boats on the starboard 
side, ready for quick lowering by the boat crane. 


BOAT CRANES. 


The cranes are of the pillar type, similar to those on the 
Maryland, and, on the West Virginia, the motors. are identical 
with those on the Maryland. The Colorado has Westinghouse 
motors instead of General Electric motors, as on the Maryland. 
The hoisting motor is of 50 H.P., series wound, and the train- 
ing motor of 60 H.P., compound wound. Both are type S.K. 
The controllers and magnetic brakes are of Cutler Hammer 


design. 
ANCHOR WINDLASS. 


The anchor windlasses, made by the Hyde Windlass Com- 
pany, are capable of hoisting the three main anchors simul- 
taneously at the rate of 6 fathoms per minute. The wild cats 
are mounted on vertical shafts and are driven through worm 
wheels on their lower ends by a worm shaft which is driven by 
motors at each end. The wild cats are capable of operation 
independently or simultaneously. 

The motors on the West Virginia are the same as those on 
the Maryland. Those on the Colorado are of the same power 
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as the Maryland’s but are of Westinghouse design. On both 
vessels, the motors are arranged for series or parallel operation. 


GROUND TACKLE, 


There are three main anchors on each vessel, each anchor 
having a nominal weight of 20,000 pounds. There is a port, 
a starboard and a center hawse pipe. Each anchor is fitted 
with 180 fathoms of 3-1/4 inch chain. The anchors are of 
the patent type, arranged to house in the hawse pipes. 

In addition to the main anchors, there is a 5,000 pound stern 
anchor and a 500 pound kedge anchor. 


TOWING ARRANGEMENTS. 
These are the same on both vessels as on the Maryland. 


CAPSTANS. 


The capstans on both vessels are similar to that on the Mary- 
land. Their capacity is 5,000 pounds at 200 feet per minute, 
or 20,000 pounds at 80 feet per minute. 

The motor on the West Virginia is of General Electric 
design, while that on the Colorado is of Westinghouse design, 
with Cutler-Hammer controller. The motors develop 45 horse- 
power at 400 revolutions per minute. 


DECK WINCHES. 


Those on the West Virginia are similar to those on the 
Maryland. Those on the Colorado have Westinghouse motors 
and Cutler-Hammer controllers. The capacity of the winches 
on both vessels is the same as that of the capstans. 


STEERING GEAR. 


The steering gear of the West Virginia is the same as that | 
of the Maryland. 

That for the Colorado was furnished by the Hyde Windlass 
Co., and is somewhat different from previous equipments for 
this service. The arrangement of hydraulic cylinders and 
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plungers is the same as on the Maryland, the novelty being in 
the arrangement of the valves for distributing the oil to the 
Tams. 

Each main motor of 100 horsepower drives two A end 
Waterbury pumps which discharge through three-way valves. 
These valves permit a quick shift from one main pump set to 
the standby set. Oil from the pumps is delivered to the com- 
bination by-pass and reversing valves. Normally, with the 
rudder stationary, the oil circulates through the by-pass valve 
back to the pump at no pressure. When the rudder is moved, 
the by-pass valve is closed and the oil is admitted to either side 
of the ram as desired, depending on the movement of the 
reversing valve. The by-pass and reversing valves are bal- 
anced piston valves operating simultaneously. When either 
of the pilot motors is set in motion by the movement of the 
steering controller, a worm shaft is operated in a direction 
dependent upon the desired movement of the rudder. A trav- 
elling nut on the worm shaft actuates. the forward end of a 
floating lever. The after end of this floating lever is tempo- 
rarily stationary, so that the yoke pin at the center of the 
floating lever is moved sufficiently to actuate both the by-pass 
and the reversing valves. The movement of the reversing 
valve admits oil to the desired side of the ram and the rudder 
moves. A rotary follow-up shaft, driven by a rack and pinion, 
moves with the ram and, in so doing, moves the after end of 
the floating lever in such a direction as to return the by-pass 
and reversing valves to the normal stopped position. Thus, 
as long as the pilot motor continues to operate (that is, as long 
as the steering controller is held away from the stop position) 
the valves remain displaced and the rudder continues to move. 
As soon as the pilot motor is stopped, the follow-up gear 
returns the valves to normal and the rudder remains practically 
where it was when the pilot motor was stopped. The lag in 
the system allows the rudder to travel about 3 degrees after 
the steering controller is moved to the off position. 
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Spring connections are provided at the after end of the 
floating lever to provide sufficient flexibility to prevent wreck- 
ing the control mechanism in the event that the rudder takes 
charge. 

The designed speed of rudder movement is 70 degrees in 30 
seconds. 

The motors driving the oil pumps are Westinghouse, type 
S. K., 100 horsepower. Pilot motors are 3 horsepower West- 
inghouse. 

A storage battery has been installed which will drive the 
main motors at their designed power for 45 minutes, in case 
of failure of the ship’s power. This will give at least two 
hours use of the rudder at designed speed. Connection to 
this battery is made automatically when the ship’s power fails. 

Auxiliary steering equipment is provided consisting of a 
small Waterbury pump which may be driven either by hand, 
by an air motor, or by a battery driven 80 volt motor of 7-1/2 
horsepower. 


LAUNDRY. 


The laundry on the West Virginia is located on the main 
deck. The machinery is practically identical with that on the 
Maryland except that only one washing machine is furnished 
instead of two. Three of the tubs are mounted on trucks and 
one is stationary. 

The laundry of the Colorado is also on the main deck. The 
laundry equipment furnished is as follows: 

2—Pressing machines; Prosperity Co. 

1—Combination ironer—1/2 H.P. motor; Troy Laundry 

& Mach. Co. 
1—Flatwork ironer—1 H.P. motor; Troy Laundry & 
Mach. Co. 

1—Collar Shaper—1/8 H.P. motor; Reed Mfg. Co. 

2—Extractors—2 H.P. motor; Troy Laundry & Mach. Co. 
1—Disinfector; American Sterilizer Co. 
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1—Washing Machine—5 H.P. motor; Henrici Laundry 
Mach. Co. 

1—Steam Starching Kettle; Troy Laundry & Mach. Co. 

1—Drying Room—?2 H.P. motor; Diehl. 

1—Tumbler Drier—1-1/2 H.P. motor; Diehl. 

1—Tumbler Fan—2 H.P. motor; Diehl. 

1—Ironing Table. 

1—Soap Tank. 

3—Truck Tubs. 

1—Stationary Tub. 

The laundry equipment on these vessels is complete enough 
to wash the clothes, blankets and dungarees of all the crew 
and to do so at an astonishingly low price to the individual. 


GALLEY EQUIPMENT. 


The equipment of the galley on the West Virginia is the 
same as on the Maryland, except that no electric driven potato 
masher is furnished for the former vessel. The galley air 
compressor was furnished by the National Brake and Electric 
Co. It is single stage, with a capacity of 120 cubic feet of 
free air per minute, compressed to 40 pounds. The motor 
was made by the same Company and is of 22.3 horsepower. 

The Colorado’s equipment is the same as that of the West 
Virginia, except that two 60-gallon steam kettles are installed 
and only four ranges are installed in the officer’s galley instead 
of five. 


BAKERY. 
The equipment of the bakery on both the Colorado and West 
Virginia is the same as that of the Maryland. 
INCINERATORS. 


The incinerators of the Colorado and West Virginia are of 
the Jockers type, manufactured by the Navy Yard, New York. 
On each vessel, the incinerator is situated on the superstructure 
deck on the centerline at frame 71. 











COLORADO AND WEST VIRGINIA. 
DRAINAGE SYSTEM. 


The drainage system consists of a main drain, a secondary 
drain forward and a secondary drain aft. The main drain 
is connected to the forward and after secondary drain systems 
by: six inch lines. This arrangement allows all compartments 
to be pumped by the secondary drain electric driven pumps. 

The main drainage system is made up of two units. The 
forward machinery space and boiler rooms 1, 2, 3 and 4, 
outboard of the machinery space on each side, are drained by 
two 8-inch fore and aft pipe lines, one on either side just 
outboard of the machinery space bulkhead. These lines extend 
from frame 60 to frame 75 and are cross connected between 
frames 66 and 67. At the forward end of each line, connec- 
tion is made to a fire and bilge pump of 900 gallons per minute 
capacity. The after machinery space and boiler rooms 5, 6, 
7 and 8 have a similar system. The forward and the after 
main drainage units are connected on both sides between 
frames 73 and 78. 

The secondary drainage system of the Colorado is the same 
as that of the Maryland, except that the shaft bilge pump has 
a 7.5 horsepower Westinghouse motor and the secondary drain 
pump has a 30 horsepower Westinghouse motor. The arrange- 
ment on the West Virginia is the same as on the Maryland, 
except that the secondary drain pump has a 30 horsepower 
General Electric motor. 

Submersible pump equipment similar to that on the Mary- 
land is fitted on both vessels. The two pumps are fitted with 
three phase induction motors, power for which is supplied by 
two 50 K.V.A. motor generators. 

There are also two direct current submersible pumps ar- 
ranged to take 2-1/2 inch fire hose. These pumps have a 
capacity of 138 gallons per minute against a 30-foot head. 
The motors are 2 horsepower. 
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FIRE SYSTEM. 


The system for protection against fire is the same on the 
Colorado and West Virginia as on the Maryland, with the addi- 
tion of an electric driven fire pump of 500 gallons per minute 
capacity at 125 pounds pressure. 

Connection is made to a storage battery automatically in 
case of failure of the ship’s power. 

The West Virginia has a Worthington centrifugal pump 
driven by a Westinghouse 10-60 horsepower motor. The 
Colorado has a Buffalo centrifugal pump driven by a General 
Electric 13-70 horsepower motor. 


FIRE EXTINGUISHERS. 

Fire extinguishers of the foam type are installed on the 
Colorado and West Virginia similar to those on the Maryland, 
except that only one extinguisher is located in each boiler room. 


SANITARY SYSTEM. 


This system is arranged on the Colorado and West Virginia 
in the same manner as that on the Maryland. 


MAGAZINE FLOODING. 

This system is the same on the Colorado and West Virginia 
as on the Tennessee. The magazines all being below the water 
line, sufficient head is available from the sea to flood them 
upon ‘opening the valves. 

FRESH WATER SYSTEM. 

Fresh water is sent from the fresh water tanks to various 
parts of the vessels by means of electric driven pumps of the 
same type and capacity as on the Maryland. The pump motors 
on the Colorado are of Westinghouse design and those of 
the West Virginia are of General Electric design. 


COMPRESSED AIR SYSTEM. 


The system on the Colorado and West Virginia is the same 
as on the Maryland. Compressed air is used more extensively 
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on these vessels than is generally realized. Air is used as 


follows: - 

Torpedo Air Flasks, pounds per square inch.................--0-000- 3,000 
Gas Ejector System for Turrets and 5-inch Guns, pounds............ 150 
Atomizing Galley Range Fuel Oil and Incinerator Fuel Oil, pounds.. 35 
Foundry brass furnace, blacksmith forge and portable burners, pounds.. 45 
Work shop tools and portable air, pounds... A eB el SOL JOT) 70 
Pneumercator system for measuring capacity of fuel oil tanks, pounds.. 30 
Pneumatic tube system, pounds............0c.cceececeeceeceeeeeeees 40 
Atomizer cleaning and tube blowing in boiler rooms, pounds.......... 70 
Air Motor for actuating Auxiliary Steering Gear, pounds............. 115 
Fuel Oil Pump Air Chambers, pounds...................csceeeeeeeee 150 


VENTILATION AND HEATING SYSTEM. 


The ventilation and heating system is the same on the 
Colorado and West Virginia as on the Maryland, except that 
seventy-six heater boxes are installed on the former vessels, 
instead of seventy-two, as on the Maryland. The Colorado 
has twenty-five 3,000 watt electric heaters installed in the tur- 
rets, tops, conning tower and,hold. The West Virginia has 
thirty-six 3,000 watt heaters, six 1,000 watt heaters and sev- 
enty-six 600 watt heaters installed in the turrets, tops, officers’ 
staterooms and offices. 


MAIN PROPELLING MACHINERY. 


The main propelling machinery for the Colorado was manu- 
factured by the Westinghouse Electric and Manufacturing 
Company and, except for minor differences, is identical with 
that on the Tennessee. 

The differences are as follows: 

The hydraulic control,of the main governor from the control 
room has been eliminated. On the Tennessee, this system 
involved the running of 1-1/2 inch oil lines from the governor 
on each main turbine back to the control room where the 
governor control valves were situated. On the Colorado, the 
governor control valves are located in the vicinity of the main 
turbines and these valves are moved by electric motors, oper- 
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ated by controllers in the control room. This alteration does 
away with the possibility of failure due to the rupture of oil 
lines between the control room and the turbines. As far as 
the operation and control of the governor system at the main 
turbines is concerned, no change has been made. Indicators 
are fitted in the control room to show the position of the 
governor control valve. 

By eliminating the oil lines for the governor into the control 
room, it was possible to separate the forced lubrication system 
for the motors and thrust blocks from that for the main 
turbines. This was done as follows: 

All supply and relay drain pump discharge connections from 
and to the after engine room lubricating system were omitted, 
as well as the discharge connection from the relay drain pump 
to the forward engine room. 

The relay drain pumps under the control room floor were 
retained as lubricating oil pumps for the motor system and 
the discharge from these pumps was led to the supply line of 
the motor bearings and thrust bearings. A discharge connec- 
tion from these pumps to the lubricating oil settling tank in 
after engine room was installed. 

A lubricating oil cooler and an oil strainer were installed 
in the center motor room. 

The main propulsion cables between the generators and 
control structure originally consisted of three conductor cables, 
there being a total of 4,000,000 circular mils for each phase. 
Before the completion of the final trials, it became necessary 
to renew these cables.. They were replaced by nine 2,500,000 
circular mil cables, giving a total of 7,500,000 circular mils 
for each phase. The current density in each conductor was 
thus materially reduced and the pot heads necessary to split 
the three conductor cables into three single leads, were 
eliminated. 

The bus structure was altered so that all oil switches were 
made three pole. On the Tennessee, the ahead and backing 
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switches were two pole. This change was found necessary 
when the unbalance and ground detector devices were installed. 

The short circuiting switches for the motor secondary wind- 
ings, the only two pole switches remaining in the main propul- 
sion system, were installed in the motor rooms instead of in 
the control room, as on the Tennessee. This allowed the liquid 
rheostat tanks to be moved outboard, thus giving more space 
in the control room. 

The electrolytic cell in the main generator field circuit was 
omitted on the Colorado. 

Two potentiometers for reading hot spot temperatures are 
installed on the Colorado in place of one on the Tennessee. 

The system for testing the over-speed trip on the Tennessee 
involved the dismantling of the end plate on the turbine shaft 
and the removal of an auxiliary weight from the tripping 
device. This allowed the tripping device to be tested without 
actually overspeeding the turbine. On the Colorado, the neces- 
sity of dismantling was overcome by making a connection, 
through which high pressure oil could be applied to the spring 
loaded tripping plunger, thus, in effect, adding to the weight 
of the plunger. Centrifugal force will now overcome the 
spring on the tripping plunger at a lower speed than the usual 
overspeed tripping point. In this way, the action of the trip- 
ping device can be observed without actually overspeeding the 
turbine and can be done whenever desired by opening two 
valves, ' 

The main propulsion machinery of the West Virginia is 
practically identical with that installed on the Maryland. 

On both vessels, a fresh water fire extinguishing system has 
been installed on the main motors. This consists of a circular 
pipe opposite the air gap of each motor with small holes at 
intervals for introducing fresh water in case of short circuit 
and resulting fire in the windings of the motor. The fresh 
water is obtained from the main feed system, special arrange- 
ment being made to prevent any leakage getting into the 
motors. 
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MAIN CONDENSING EQUIPMENT. 


The main condenser of the Colorado is of the Lovekin type, 
similar to that installed on the Tennessee. The main con- 
denser of the West Virginia is of the usual navy type, similar 
to that of the Maryland. 

The other condensing equipment, main air pumps, conden- 
sate pumps, air ejectors, air separator tanks and main circu- 
lating pumps are similar on the Colorado and West Virginia 
to those on the Tennessee and Maryland, respectively. 


SHAFTING, BEARINGS AND PROPELLERS. 


The shafting, thrust bearings and spring bearings on the 
Colorado and West Virginia are identical with those on the 
Tennessee. 

The propellers on the Tennessee have a diameter of 13 feet 
6 inches. It has been noted at various times that the power 
developed by the inboard propellers on that vessel is consider- 
ably in excess of that developed by the outboard screws. The 
limitation of power and, hence, of speed, on electrically pro- 
pelled vessels is set by the temperatures of the generator and 
motor windings. If the temperature of any motor exceeds a 
specified safe limit, it is necessary to reduce speed until the 
temperature falls below the required maximum. In order 
that all motors might develop the same horsepower and so 
reach the limiting temperature at approximately the same time, 
the inboard propellers of the Colorado were reduced in diam- 
eter to 13 feet before her full power trials. The inboard pro- 
pellers of the West Virginia, for the same reason, were reduced 
to 12 feet 10-1/2 inches. After consideration of the data 
obtained on the final trials of the two vessels, the Bureau of 
Engineering will modify the inboard propellers of all electric 
drive vessels so that the total power developed will be divided 
equally among the four main motors. 
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CONTROL EQUIPMENT. 


The control equipment of the Colorado is similar to that of 
the Tennessee, except as noted above. The equipment for the 
West Virginia is identical with that on the Maryland. 


FORCED LUBRICATION SYSTEM. 


The system on the Colorado is the same as that on the 
Tennessee except as noted above. The system on the West 
Virginia is identical with that on the Maryland. 


WATER SERVICE SYSTEM. 


The water service on the Colorado is the same as that on 
the Tennessee and that for the West Virginia is the same as 
that on the Maryland. 


CONCENTRATION SALINITY INDICATORS. 


Concentration salinity indicating systems of the Leeds and 
Northrup type, as described in the JourNAL of August, 1923, 
are installed on both vessels. 

This system includes the following : 

(1) 2 Outfits for Main Condensers, each consisting of : 

(a) 1 Signal light controller, arranged for three light 
operation, with temperature compensator (range 70 degrees F. 
to 160 degrees F.), located at the signal light. These con- 
trollers are enclosed in non-watertight splash-proof metallic 
casings. 

(b) 1 Cell with removable device. 

(2) 2 Outfits for dynamo condensers, each consisting of : 

(a) 1 A. C. wall type concentration indicator with tem- 
perature compensator (range 70 degrees F. to 160 degrees F.), 
arranged for taking readings from both the main and dynamo 
condensers. Scale graduated from 0 to 10 grains. 

(b) 1 Selector switch with suitable base for switch and 
indicator mounting. 

(c) 2 Cells, non-removable, with brass bushing to be 
arranged for insertion in 1-1/2 inch pipe thread. 
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(3) 1 outfit for distilling condenser distillate, consisting of : 
(a) 1 signal light controller, arranged for -three light 
operation, with temperature compensator (range 70 degrees F. 
to 160 degrees F.), located at the signal lights. This controller 
#s enclosed in a non-watertight, splash-proof metallic casing. 
(b) 1 cell with removable . device. 
(4) 1 outfit for last effect evaporator brine, consisting of : 
(a) 1 A. C. wall type concentration indicator, with tem- 
perature compensator (range 100 degrees F. to 180 degrees F.), 
arranged for taking readings on both brine and distillate cells. 
Double scale graduated from 0 to 5/32, and 0-10 grains. 
(b) 1 selector switch with suitable base for switch and 
indicator mounting. 
(c) 2 cells, non-removable, with brass bushings arranged 
for insertion in 1-1/2 inch pipe thread. 
(5) 1 rotary converter, of sufficient capacity to operate 
simultaneously all of the above equipment. 
(6) 1 transformer for each unit. 
The three light indicator is arranged as follows: 


Grains per gallon 
Color of light Distiller water Condensate from 
burning condensers 
White below 0.5 below 0.3 
Green 0.5 to 5 0.3 to I 
Red above 5 above I 
BOILERS. 


The Colorado and West Virginia are equipped with Babcock 
and Wilcox boilers, identical with those on the Tennessee. The 
West Virginia has a Diamond soot blower system, Type G, 
installed in each boiler. This system consists of a number of 
permanent pipes installed crosswise of the bank of tubes. 
These pipes can be rotated by means of chain pulleys. As they 
rotate, boiler steam is discharged through a series of nozzles. 


2 
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The rotating elements are calorized. By means of special 
poppet valves, steam is not put into the rotating element before 
it begins to revolve and is cut off before rotation stops. 

Superheater safety valves have been installed on all boilers 
of the Colorado and West Virginia. 


BOILER FEED SYSTEM. 


The arrangement of piping, feed heaters, feed tanks, main 
feed pumps, etc., is identical on the Colorado and West Virginia 
with that on the Tennessee. 

To increase the economy of port operation, a motor driven 
feed pump of 50 gallons per minute capacity at 350 pounds 
pressure has been installed. Provision is made for automatic 
shift to storage battery in case of failure of ship’s power. 

Both vessels have Northern rotary pumps, driven by Electro 
Dynamic 12-20 H.P. variable speed motors, with Cutler 
Hammer controller; 600-1200 R.P.M. 


FUEL OIL SYSTEM. 


The fuel oil system on the Colorado and West Virginia are 
practically identical with those on the Tennessee, except for the 
following differences : 

A fuel oil heater is installed in each fireroom. Each heater 
is capable of heating 4000 pounds of fuel oil per hour from 
70 degrees F. to 240 degrees F. The heaters are of Row and 
Davis type with a heating surface of 44.6 square feet. 

In each engine room is installed a Babcock and Wilcox fuel 
oil separator. to take care of any leakage of fuel oil into the 
drains from the fuel oil heaters. 

On each vessel is ifstalled a port fuel oil service pump. 
These pumps have a capacity of 5 gallons per minute, at 300 
pounds pressure. 

The West Virginia has a Kinney rotating plunger pump, 
driven by a 2-1/2 H.P. General Electric motor. The Colorado 
has a Northern gear pump with a 3 H.P. Electro Dynamic 
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motor. Provision is made for automatic connection to storage 
battery in case of failure of ship’s power. 

On both vessels, De Laval No. 600 motor driven centrifugal 
fuel oil purifiers are installed, one in each engine room. These 
purifiers are intended to take water and sludge out of the fuel 
oil remaining in a tank between the high and low suctions and 
thus render the remaining oil fit for use under the boilers. 

On the West Virginia, a fuel oil recirculating system has 
been installed. By this system, oil of such high viscosity that, 
at low temperatures, it may almost be shovelled, is rendered 
fluid enough to be pumped to the boiler atomizers. The opera- 
tion of this system is as follows: 

Oil is taken from a cold tank by a recirculating pump, sent 
through a recirculating heater and thence back to the same 
tank. Here the hot oil is discharged through jets in a ring 
around the suction, and also through a number of jets at inter- 
vals in the tank. The oil is circulated at a temperature of 
about 170 degrees F. until the whole tank has reached a tem- 
perature of 150 degrees F. At this time, the operation is 
stopped, and the recirculating pump and heater shifted to 
another tank. The hot tank is put on the service pump and 
the oil is sent to the firerooms where it is heated to the proper 
temperature for atomization before being sent to the boilers. 
In installing this system, the originally planned fuel oil booster 
pumps, 6X8X12 inches, were replaced by combined booster 
and recirculating pumps 14X9X24 inches. The engine room 
fuel oil heaters, which had a capacity of 16,000 pounds of oil 
from 70 degrees F. to.240 degrees F. per hour on the Tennes- 
see and Maryland were replaced in the new design by heaters 
capable of heating 56,250 pounds of oil per hour from 100 
degrees F. to 150 degrees F. 


FORCED DRAFT BLOWERS. 


The equipment on the Colorado and West Virginia is similar 
to that on the Tennessee and Maryland. 











COLORADO AND WEST VIRGINIA. 


ELECTRIC PLANT. 


The general arrangement of the ship’s light and power plant 
in the engine rooms and distribution rooms is similar on the 
Colorado to that on the Tennessee and on the West Virginia 
to that on the Maryland. 

The following minor changes have been made: 

On the Colorado, Crane metallic packing has been used in 
the dynamo condensers and dynamo air separator condensers. 

On both the Colorado and West Virginia, each dynamo con- 
denser is provided with an emergency circulating water con- 
nection from the firemain to be used in case of failure of the 
dynamo circulating pump. Connections are also made from 
the dynamo condenser to the main air pump suctions so that, 
in case of failure of the dynamo condensate pumps, it will 
still be possible to operate the condensing turbo-generators. 
In addition to the turbine driven 300 K.W. generators, the 
West Virginia has two 400 K.W. direct current generators, 
driven by Diesel engines of 900 B.H.P. The engines are 
located in B-105 under the ice machine room and the generators 
and switchboard in A-135, adjacent to the forward distribution 
room. : 

The Diesel driven generators are intended primarily for 
port use when most of the oil consumed under the boilers goes 
to make electric current. By using the Diesel generators, oil 
consumption in port can be materially reduced. Connections 
are made from the Diesel generator switchboard to the forward 
and after engine room generator boards so that current from 
the former can be fed into the rest of the system. 

The engines, of Busch-Sulzer manufacture, similar to those 
on the S class of submarines, are two-cycle, nonreversible, 
single acting, trunk piston, and air starting, with six working 
cylinders operating on the Diesel cycle. 

The scavenging pump and air compressor form parts of 
and are directly driven by the engine. 
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The circulating water, piston cooling and lubricating oil 
pumps are independently driven by electric motors. 

The starting flasks are charged from the torpedo com- 
pressors. 

The general characteristics and dimensions of the engine are : 

Normal speed, 350 R.P.M. 

Rated capacity at normal speed, 900 B.H.P. 

Diameter of working pistons, 14-7/8 inches. 

Stroke of working pistons, 16-3/8 inches. 

Diameter of scavenging pump pistons, 26 inches and 26-1 /2 
inches. 

Stroke of scavenging pump pistons, 13-3 /4 inches. 

Diameter of compressor pistons (I) 16-1/4 inches, (II) 
14-1/2 inches and (III) 3-1/2 inches. 

Stroke of compressor pistons, 12 inches. 

The 10-inch exhaust from each engine is led through a 
waste gas boiler. This is a two drum water tube boiler with 
24-inch steam drum and 18-inch water drum. There are 
424 one-inch tubes. The gases enter at the top of tube nest 
on one side, pass downward through half the tubes and up 
through the other half to the smoke pipe. Water is fed from 
the main feed system through a reducing valve. The working 
pressure of the boiler is 10 pounds gauge. Steam made is led 
to the auxiliary exhaust line, where it augments the normal 
exhaust available for use in the boiler feed heaters and dis- 
tilling plant. 

360,000 pounds of Diesel oil is carried in three of the 
regular ships’ oil tanks. This oil can be burned under the 
boilers, if necessary. 

The generators are of General Electric manufacture spe- 
cifically designed for Diesel engine drive. They are type 
M.P.C. 8-240 volts, 2-wire compound wound machines. The 
efficiency of these machines varies from 92.5 per cent at 1-1/4 
load to 90 per cent at 1/2 load. Used with the generators are 











22 COLORADO AND WEST VIRGINIA. 


two shunt wound balancer sets, type R.C. 33-4-400 amperes 
neutral, built to carry 1200 amperes at 120-240 volts. 

A switchboard consisting of a panel for each generating set 
and one for the balancers and distribution is provided. 

The overall dimensions and weight of the equipment is as 
follows: 


Length Width Height Weight 


feet inches feet inches feet inches pounds 
Generators : eee 5 ae oo. 16,800 
Balancers oo oe ere 2900 


Switchboard 10 8 ae , candi, 5200 
The equipment on the panels is as follows: 


NO. 1 GENERATOR PANEL. 


1 circuit breaker; shock proof, 1600 amperes, 250 volts, 
single pole, overload, time limit, reverse current, shunt trip. 

1 volt meter, 0-300 volts. 

1 ammeter, 0-3000 amperes. 

1 handwheel rheostat. 

2—2500 ampere single pole, single throw generator switches. 

1 watthour meter, 0-1600 amperes, two wire. 


NO. 2 GENERATOR PANEL. 


Same equipment as No. 1 panel, plus: 
1—1500 ampere, single pole, single throw, equalizer switch. 


BALANCER AND DISTRIBUTION PANEL. 


2 Circuit breakers, shock proof, 400 ampéres, 250 volts, 
double pole, overload time limit, undervoltage trip. 

2 ammeters, 600-0-600 ampeéres. 

2 voltmeters, 0-150 volts. 

1 voltmeter, 300-0-300 volts. 

2 rheostat handwheels. 

1 differential relay and breaker for protection of 120-volt 
circuits. 
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2 starting switches, 600 ampéres, single pole, 4 throw for 
balancers. 

1 circuit breaker, 2500/1000 ampeéres, triple pole. 

2 switches for neutral bus, single pole, single throw. 

2 switches 3000/1000 amperes, triple pole, double throw. 

2 switches, 2000/1000 amperes, triple pole, double throw. 

6 bullseye indicating lamps, with external resistance. 

1 ground detector switch, 4 point. 

1 ground detector switch, 2 point. 

2 ground detector lamps. 

A separate panel for the Diesel electric driven auxiliaries is 
mounted in the Diesel generator room. This panel can be 
energized from the Diesel -engine switchboard, from the 
forward distribution room and from the battery charging 
switchboard. 

Switches are provided for the following auxiliaries: 

2 fuel oil purifiers, No. 600 De Laval purifier and Diehl 
2 H.P. motor, 1750 R.P.M. 

2 lubricating oil and 2 circulating water pumps (one of 
each driven by same motor) General Electric 11-14 H.P., 
1150-1500 R.P.M., St. Louis Pump and Equipment Co., 
pumps. 

2 fuel oil transfer pumps, 3 H.P. electro-dynamic motors, 
1200 R.P.M., Northern pumps. 

2 Lubricating oil purifiers, Diehl 1 H.P. motor, 1760 
R.P.M., No. 300 De Laval purifier. 

2 lubricating oil relay pumps, General Electric 1/4 to 1/2 
H.P., 500-1000 R.P.M., Kinney pumps. 

The system of ship’s power distribution (as distinguished 
from main motive power) on these vessels is similar to that 
of all the later electric drive battleships. 

Each of the three 300 K.W. generators in each engine room 
has its own generator panel. Current from the three machines 
in each engine room can be fed in parallel to the light and 
power bus on the board in that engine room. 
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There are two distribution rooms, the forward one on the 
second platform just forward of the forward engine room, 
and the after one immediately above the main control room. 
Current is led direct from the forward engine room generator 
switchboard to the light and power bus in the forward distri- 
bution room, and similarly from the after engine room board 
to the after distribution room. On account of long equalizer 
connections between the engine rooms, no arrangements have 
been made to parallel the generators in one engine room with 
those in the other, and ordinarily, when all generators are in 
operation, the after machines feed the after board and the 
forward machines the forward board. 

To enable the machines in one engine room to supply the 
whole ship, special connections are made between the two 
distribution boards. One group of conductors is for total 
power and the other for total lighting. These groups of cables 
are fitted with interlocked circuit breakers, which prevent 
current from both engine rooms being supplied to the same 
bus. By this method, paralleling the generators in the two 
engine rooms is prevented. 

The arrangement of distribution boards described below for 
the Colorado is similar to that on the West Virginia, although 
not identical. 


FORWARD DISTRIBUTION BOARD. 


There are seven panels on this board, three panels for 240- 
volt feeders, one for total power, one for total lighting, and 
two for lighting, searchlights and 120-volt power feeders. 

On the power panels are separate switches for the following: 

Forward battery charging. 

Auxiliary power battery charging. 

Fire control supply to the interior communication switch- 
board (120 volts). 
Refrigerating machinery. 
Diesel Engine auxiliaries. 
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Distilling plant. 

Pumps for port use (fuel oil and feed water). 
Anchor windlass (circuit breaker). 

Galley air compressor. 

Radio. 

Auxiliary radio and submarine oscillator. 
Ammunition hoists (four separate switches ). 
Submersible pump motor generator. 

Forward turrets (circuit breaker for each turret). 
Director motors. 

Steering motors. 

Forward deck winches. 

Fire control motor generator. 

Torpedo air compressor. 

Workshop. 

Ventilating motors, sterilizers and water heater. 
Bakery. 

Carpenter shop, ventilating motors, etc. 
Ventilating motors and oil purifiers. 

Air compressors. 

Boat crane. 

Flushing and fresh water pumps. 


On the lighting, searchlight and 120-volt power panels are 


switches for the following: 


Forward searchlights, 24 inches (circuit breaker for each 


light). 

Forward searchlights, 12 inches. 
Navigational lights. — 

Battery charging. 


Lighting switches for turrets, magazines, distribution room, 
central station, second platform and hold, third deck, second 
deck, main deck, engine and firerooms, interior communication 
room. 


Submersible pump motor generator field. 
General Announcing Telephones. 
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The total load connected to the forward board is about 9200 
ampéres (approximately 2200 K.W.). 


AFTER DISTRIBUTION BOARD. 


This board is arranged similarly to the forward board. 
On the power panels are switches for the following: 
Radio. 

Ammunition hoists. 

Ventilating motors and oil purifiers. 

Galley appliances. 

Laundry appliances. 

After deck winches. 

Capstan. 

Ventilating motors and hospital appliances. 

Air compressors. 

Torpedo air compressor. 

Boat crane. 

Kite balloon winch. 

Steering motors. 

After turrets (circuit breaker for each turret). 
Shaft alley bilge pump. 

Submersible pump motor generator. 

Fire control motor generator. 

Director motors. 

Steering power battery charging. 

On the lighting, searchlight and 120-volt power panels are 


switches for the following: 





All searchlights, 36 inches (circuit breaker each light). 
Lighting switches for distribution room, central station, 
magazines, steering compartments, turrets, main motor and 
control rooms, engine and firerooms, third deck, officers’ 
quarters, upper decks. 

Moving picture machine. 

Interior communication switchboard. 
Submersible pump motor generator field. 
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Emergency radio. 

Battery charging. 

Testing panels. 

The load connected to this board is about 7000 ampéres 
(approximately 1700 K.W.). 

The connected load to the two boards is thus about 3900 
K.W. The foregoing lists indicate the extent to which these 
vessels have been electrified. 

From the distribution rooms, the feeders for various pur- 
poses are run to power panels, from which leads to the auxili- 
aries are taken, and to lighting panels from which mains and 
branches are run to the individual lamps or groups of lamps. 

For interior communication, a lead is taken from each dis- 
tribution board to the interior communication switchboard. 
This board is in the interior communication room, where 
are also situated the varicus motor. generators for interior 
communication circuits. 

The interior communication switchboard, beside the usual 
instruments, has switches for the following circuits: 

Captain’s call bells. 

Wardroom call bells. 

Junior officers’ call bells. 

Warrant officers’ call bells. 

Voice tube call bells. 

Fireroom emergency signal. 

Fire alarms. 

Dead reckoning tracer. 

Pneumercators. 

Drainage tank signal. 

Forbes log. 

Ship’s service telephones. 

Intercommunicating telephone systems. 

Docking telegraph. 

Fireroom feed signal. 

General alarm gongs. 
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Boat hour gongs. 
Anchor telegraph. 
Gyroscopic compasses. 
Fireroom telegraph. 
Oil burner telegraph. 
Oil pressure telegraph. 
Warning signals. 
Smoke telegraph. 
Whistle operator. 
Speed flag telegraph. 
Steering telegraph. 
Steering emergency signals. 

Engine revolution telegraph. 

Engine order telegraph. 

Rudder indicator. 

Auxiliary rudder indicator. 

These are supply switches which energize the various sys- 
tems. To prevent putting a whole system out of commission 
in case of trouble with any instrument or cable, the majority 
of the systems have their parts paralleled through an action 
cut-out switchboard, located in the central station, which has 
individual switches for the cables running out to the various 
divisions of the system. Every conductor coming in to the 
board has its indicating fuse. If continued blowing of fuses 
on the same lead occurs, the switch for that part of the circuit 
can be opened, thus leaving the remainder of the system 
operative. 

The action cut-out switchboard is very elaborate, there being 
82 switches on the board, some of them having as many as 
13 poles. 

Another lead from the interior communication switchboard 
energizes the ship’s service telephone switchboard. 

This system comprises telephones located in offices, state- 
rooms, machinery spaces, etc. The system is operated con- 
tinuously and is of great convenience on a vessel so minutely 
subdivided as the Colorado. 
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Supplementing the ship’s service telephone system is a gen- 
eral announcing telephone system. From each of three trans- 
mitting stations, bridge, quarter deck and central station, any 
message desired can be thrown out through loud speakers 
located in passages, crews’ quarters and stations throughout 
the ship. This system is very useful in transmitting messages 
that should be heard by all hands as quickly as possible and 
in locating individuals who might be in almost any part of 
the vessel. The system in use on the Colorado was manufac- 
tured by the Western Electric Company. 

Current led from the distribution rooms to the storage bat- 
tery charging panels is subdivided for many purposes. 

A number of storage batteries on the vessel are permanently 
located and leads are run from the battery charging panel to 
the batteries, so that they may be charged in place. Rheostats 
are fitted so that the proper charging rate may be maintained. 
Voltmeter connections are made on each circuit. 

The permanently located batteries connected to the charging 
panels are: 

Interior communication. 

Fire control telephone. 

Ship’s service telephone. 

Gun firing and navigational. 

Auxiliary lighting. 

Auxiliary power. 

Steering. 

Auxiliary steering. 

_ Batteries for motor hoat lighting and ignition, aldis lights 
and portable safety lanterns, and small gun firing batteries 
must be brought to the battery charging rooms to be charged. 
These rooms are equipped with special racks and ventilating 
hoods for the batteries. 

The remaining leads from the distribution rooms go to 
ordinary distribution panels where the power is split and leads 
run to the control apparatus of the various motors. 
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GENERAL WORKSHOP. 


The location of the general workshop is the same on both 
vessels as on the Tennessee. The following tools are installed: 


“WEST VIRGINIA.” 


The tools on this vessel are similar to those on the Maryland. 


“COLORADO.” 


1 motor driven screw cutting back geared extension gap 
lathe, 48-inch swing, 13 feet 2 inches extension. “Harrington” 
lathe, Westinghouse 7-1/2 H.P. variable speed motor, 560 to 
1650 R.P.M. 

1 motor driven screw cutting all-geared head, tool room 
lathe, 14-1/2 inch swing, 21 inches between centers, ‘‘Reed- 
Prentice” lathe. Westinghouse 2 H.P. motor, 1200 R.P.M. 

2 motor driven screw cutting back geared tool room lathes, 
14-1/2 inch swing, 57 inches between centers, “Reed-Prentice”’ 
lathe, Westinghouse 2 H.P. motor, 1200 R.P.M. 

1 motor driven column shaper, 24 inch stroke, 26-3 /4 inch 
traverse, “Cincinnati” shaper, Westinghouse 7-1/2 H.P. vari- 
able speed motor, 550 to 1650 R.P.M. 

1—380-inch power feed radial drill to drill up to 2-1/2 inch 
diameter in cast iron and 1-3/4 inch diameter in solid steel. 
“Dreses” drill, Westinghouse constant speed, 2 H.P. motor, 
1200 R.P.M. 

1—16-inch motor driven high speed, sensitive drill. ‘“Willey”’ 
drill, Jas. Clark 1 H.P. motor, speed 600 to 2025 R.P.M. 

1 motor driven universal milling machine, 28 inch longi- 
tudinal feed, 18 inch vertical movement and 10 inch traverse. 

“Browne and Sharpe” milling machine, Westinghouse con- 
stant speed, 2 H.P. motor, 1200 R.P.M. 

1 motor driven, 2 wheel emery grinder on column. “Willey”’ 
grinder, General Electric 2 H.P. motor. 
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1 motor driven portable boring machine, to bore from 6 to 
24 inches diameter and to have at least 30-inch travel. ‘Under- 
wood” machine. : 

1 air driven portable boring machine; to bore from 3 to 8 
inches diameter and to have at least 30-inch travel. ‘Under- 
wood” machine. 

1 motor driven portable drill to drill up to 1/2 inch diameter, 
“Willey” Drill. Neil and Smith Electric Co. motor. 

1 motor driven hacksaw, 4 inch capacity “Willey” hacksaw, 
Jas. Clark 1/4 H.P. motor. 

6 swivel bottom vises, 5-1/4 inches wide, 8 inches opening, 
Prentiss type. 

1 motor driven drill grinder, capacity 1/4 inch to 2-1/2 
inches. Wilmarth and Morman Company, Style D. 

1 Laying out table, 4 feet to 4 feet 6 inches by 2 feet 6 
inches to 3 feet. 

1 arbor press. 


REFRIGERATING PLANT. 


The arrangement of the cold storage rooms and ice machine 
room on the Colorado and West Virginia is similar to those 
on the Maryland. _ 

The plants on both vessels are of the COs type, electric 
driven, 

The West Virginia has the following: 

3—4-ton CO compressors, manufactured by the York 
Manufacturing Company. The compressors are directly con- 
nected to Westinghouse motors with Cutler-Hammer control, 
speed 200-300 revolutions per minute, 10-15 H.P. 

2 Worthington centrifugal brine circulating pumps of 64 
gallons per minute capacity, against a head of 80 feet. The 
motors are 7-1/2 H.P. Westinghouse with Cutler-Hammer 
control, running at 1800 revolutions per minute. 

2 Worthington centrifugal CO. condenser circulating pumps 
of 56 gallons per minute capacity, against a head of 50 feet. 
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The motors are 3 H.P. Westinghouse with Cutler-Hammer 
control running at 1700 revolutions per minute. 

The Colorado has the following equipment : 

3—5-ton, 2-1/2X8 inches vertical COz compressors, manu- 
factured by the Brunswick-Kroeschell Company. They are 
driven by direct connected Electro-Dynamic motors, with 
Cutler-Hammer control, of 20 H.P., 150 revolutions per 
minute. 

2 Buffalo centrifugal brine circulating pumps of 50 gallons 
per minute; against a 72-foot head. They are driven by 4 
H.P. General Electric motors running at 1700 R.P.M. 

2 circulating pumps for CO: condensers similar to the brine 
circulating pumps. 


DISTILLING PLANT. 


Both the Colorado and the West Virginia are fitted with two 
quadruple effect, low pressure, film type, vacuum distilling 
plants, each of 20,000 gallons per day rated capacity. 

The operation of this type of plant was described in the 
May, 1923, issue of the Journat—“Low Pressure Vacuum 
Evaporators.” 

These plants are unique in that the four effects are arranged 
in rectangular shells, adjacent to each other so that the plants 
are very compact. Each effect has 245 square feet of heating 
surface. 


The following auxiliary equipment is installed. All pumps 
are electric driven: 


“WEST VIRGINIA.” 


Two Worthington double acting reciprocating air pumps 
driven through reduction gear by Electro-Dynamic motors, 
with Cutler-Hammer control. Size of motor 8-12 H.P. Size 
of pump 14X10 inches. 

Eight Worthington centrifugal brine circulating pumps. 
One pump is under each effect and one motor drives the four 
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pumps of one plant. The pumps have a capacity of 200 gallons 
per minute against an 18-foot head. The motors are General 
Electric, variable speed, 8 to 10 horsepower, at 900-1100 
revolutions per minute. 

Two Buffalo Steam Pump Co. brine overboard pumps. 
Their capacity is 50 gallons per minute against a 72-foot head. 
The motors are 4 H.P. General Electric at 1700 revolutions 
per minute. 

Two Buffalo centrifugal distilling condenser circulating 
pumps. Their capacity is 600 gallons per minute against a 
60-foot head. The motors are General Electric, variable speed, 
1525-1700 revolutions per minute, 12-15 H.P. 

Two fresh water pumps similar to the brine overboard 
pumps. 

Two distilling condensers are fitted each with 458 square 
feet of cooling surface. bow tubes. 

Concentration salinity indicators are installed as described 
elsewhere in this paper. 


“COLORADO.” 


Two Worthington double acting reciprocating air pumps, 
driven through reduction gears by Electro-Dynamic motors, 
with Cutler-Hammer control. Size of motor, 8-12 H.P., 
2000 R.P.M. Size of pump 14X10 inches. 

Eight Buffalo centrifugal brine circulating pumps. One 
pump is under each effect and one motor drives the four pumps 
of one plant. The pumps have a capacity of 200 gallons per 
minute against a 15-foot head. The motors are General Elec- 
tric, variable speed, 8 to 10 H.P. at 1200 R.P.M. 

Two Buffalo brine overboard pumps. Their capacity is 50 
gallons per minute against a 72-foot head. The motors are 
4 H.P. General Electric, 1700 R.P.M. 

Two Cameron centrifugal distilling condenser circulating 
pumps. Their capacity is 600 gallons per minute against a 
60-foot head. The motors are General Electric 12-15 H.P., 
1500-1700 R.P.M. 


3 
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Two fresh water pumps similar to the brine overboard 
pumps. 

Two distilling condensers are fitted, each with 458 square 
feet of cooling surface, bow tubes. 

Concentration salinity indicators are installed as described 
elsewhere in this paper. 

FOUNDRY, BLACKSMITH, PIPE AND COPPERSMITH SHOPS. 

These are located on the upper deck, port side, in a similar 
position to those of the Tennessee and Maryland and have 
similar equipment. 


RADIO INSTALLATION. 


Each vessel is equipped with four radio transmitters and 
six receivers. 

The long range transmitter is of the arc type and has a 
capacity of 20 kilowatts. The other three transmitters are 
for medium and short range communication and are of the 
vacuum tube type. The tube transmitters use both modulated 
continuous waves and pure continuous waves. 

There is also a damped wave transmitter installed which is 
reserved for emergencies. 

The receivers are of a special type which permit multiple 
reception on a single antenna without detrimental reactions 
between the various receivers connected to this antenna. 

The installations are capable of transmitting three and 


receiving three messages or of receiving six messages simul- 
taneously. 
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- DIESEL FUEL MEASURING PUMPS. 


FACTORS IN DESIGN OF FUEL MEASURING 
PUMPS FOR DIESEL ENGINES. 


By LIEUTENANT (J.G.) J. E. CANooseE, U. S. Navy, MEMBER, 
Navy Yarp, New York. 





Vacuum generation within the fuel pump cylinder, governor 
action, and valve design were referred to in a general way in 
a paper on fuel measuring pumps in the November, 1924, 
issue of this JOURNAL. 

Due to space limitations these factors could not be discussed 
in detail. This paper will deal more specifically with the fol- 
lowing factors: 


(a) Generation of vacuum in fuel pump cylinders. 

(b) Possibilities of supercharging fuel pump suction. 

(c) Pressures to be considered in designing, as shown by 
fuel pump cylinder indicator cards. 

(d) The blow-down effect in discharge valves. 

(e) Residual oil effect on governor action. 

(f) The effect of design on tappet clearance variation 
effects. 

(g) Practical design factors to be considered. 


GENERATION OF VACUUM IN FUEL PUMP CYLINDERS. 


In the previous article mentioned above, it was stated that 
a vacuum of about 24 inches was generated in the Bureau 
type pump to open the suction valve automatically. This 
figure was based on the calculation shown in Figure 1. The 
2 pounds initia! compression shown by the spring diagram 
was obtained by testing several springs in a very sensitive 
machine. The initial compression pressures for the springs 
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SUCTICN VALVE DEPAILS POR 


BUXEAU TYPE PURL MEASURING 
PUMP. 


(a & bd) Suction velve end 


(c & 4) aire oat teppet 
ring ¢ iegrans. 
(e} susan ° 


Pactors controlling automstic 
Opening of suction valve st 
beginning of suction stroke; 


(s) Bffective ares = 
246877 5 41755 09. ine 


(b) Initisl compression of 
valve spring « 2.0 robs. 


+e = 11.4 lbs. per Sqeine 


Beglecting friction, vacuum 
required te open valve 


Ht 2 20. © 83,27" 


Sote in figere (e) that the 
valve ané gl roa -. 
seperate pe 

its ow spring. This og 
two distinct advantages over 
unit construction: 


(a) It minimises friction end 
inertia to be overcome by 
the valve spring. This 
ie very sevenen in cases 
where stems ar: cked 
with seni -metall. © pecking. 


(bd) It increases the effective 
erea of the valve egesinst 
which the o11 head press- 
ure 6cts to open the valve 
Sutomatically on the 
Suction stroke. Purther, 
this construction causes 
Openin= of tappete to 
ocour under o11 woovees 
upper tappets aiwa in 
been My thereby eliminat- 

ng 0 








Ficure 1. 
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tested varied from 1 pound 8 ounces to 2 pounds 2 ounces the 
average being 2 pounds. It will be noticed that the valve 
has on its under side a threaded boss which engages the spring. 
This boss reduces the number of free coils, making the springs 
correspondingly stiffer. However the spring coils do not hug 
the valve tightly enough to seriously restrict their freedom in 
their initial compression condition. This is the point to be 
considered in reference to. vacuum. 

In designs where the suction valve functions automatically, 
the degree of vacuum generated depends primarily on the 
plunger acceleration and on the relative effective inlet valve 
area as compared with the plunger displacement. The dura- 
tion of vacuum (of higher degree) generation is governed by 
the point of mechanical opening of the suction valve. In other 
designs, where the suction valve does not function automati- 
cally, a perfect vacuum is generated during the first part of 
the suction stroke at all powers. This assumes no air leaks, 
no entrained air in the oil, and that in a perfect vacuum the 
oil remains fluid. 

The magnitude of a vacuum determines the rate of air leak 
past the plunger packing gland. The duration of vacuum 
coupled with the rate of flow determines the total amount of 
air taken into the oil. This air destroys the metering function 
of the fuel pump. 

Figure 2 shows cards taken on the Bureau type pump which 
verify the vacuum calculations given in the preceding para- 
graphs. In this Figure the card shown at (W) was taken 
with a very sensitive spring which recorded some peculiar 
actions. It is apparent that at point “a” the maximum vacuum 
was generated, with an immediate sharp reduction. The high 
initial vacuum point is possibly partially due to suction valve 
friction and inertia, but in greater degree due to high plunger 
acceleration at this point. The immediate drop is no doubt 
due to the action of suction pressure on the added area when 
the valve opened, thus throwing it wider open. An unbalanced 





40 





DIESEL FUEL MEASURING PUMPS. 














Cyl 4 Cyl. #4 
Barometer =29.58 Barometer = 29.58 
L25lbs. 2 lbs. 
t25_, 9. 

Jag 70062 74.5 * -6207 

0062 30 =2.586 Vacuum .6207 ¥ 30 =20,108" Vacuum 
‘ae E: 

RPM.- 300 R.P.M.-350 

B.WP-Idle BHP~500 

Spring 4olbs =|" y Springloolbs=1" 

Cyl. *4 No Barometer Record 
Barometer= 29.58 RP. “4 oa 
29.58 i BHP 
“ae ee teat Spring 4olbs=|" 

WZ 2722 -25%40* lolbs 
4.5 Approx. 20.4 Vacuum 


1722 » 30= 23.175 "Kacuum 





2 
R.P.M.- 425 
BHR -600 
Spring 4olbs =!" 
.26'x40 = 11.2Ibs, YW 


—_— 
25 
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Heavy Oil Used Under 
Fiston of Indicator To 
form Seal. 








Ficure 2. 
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condition exists between points “a’’ and “‘b” due probably to 
the combination of suction pressure acting on the augmented 
area of the valve as set forth above, and to the increasing 
velocity of the plunger. At the point opposite point “d’’ on 
the card, the tappet should have opened the valve, had it been 
closed, but, apparently, it engaged the valve at point “b”. From 
this point, plunger velocity decreases with increasing retarda- 
tion, with the result, that the vacuum reduces to 0 between 
“b” and “c”. The fall in pressure at point ‘‘c” is possibly due 
to the inertia of the oil causing a pressure wave reversal in 
the oil within the cylinder. This necessitated a vacuum forma- 
tion within the cylinder to cause the oil to follow to the end 
of the stroke. The valve at this point is of course held wide 
open by the valve gear. Point “d” represents the point of 
closure of the suction valve in the discharge stroke. 

The card shown at (X)‘was taken under a lighter load con- 
dition with a heavier spring. It shows less vacuum, but is 
considered less accurate than the first. 

The card at (Y) was taken with the engine running with 
no load. In this condition, the pump suction valves are opened 
mechanically near the beginning of the stroke. As this card 
indicates, there was little, if any, delivery to this cylinder , 
while the indicator was thus cut in, because the pump effective 
displacement about equaled the indicator piston displacement. 

The card at (Z) shows the effect of heavy oil under the 
indicator piston to form a better seal. The action is thus 
considerably damped. The arrow shown in each case indicates 
the plunger discharge travel. 

Figure 3 shows the dimensions of the suction valve assembly 
details and vacuum generation calculation for the fuel pumps 
of the engines of submarines R-21 to 27 and S-48 to 51 classes. 
Obviously, any available hydrostatic suction pressure is of 
practically no value because, the suction valve is integral with 
the stem. This makes it nearly balanced to suction pressure 
action; there being only .0094 square inch effective area for 
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SUCTION VALVE DEPAIIS FOR S-46 TO 61 
AED 2-21 to 27 CLA: SES SUB- 
W.RIN = ~LGINES. 


(a) Assembly. 

b & o) Details of valve & cage. 
a) Spring Disgram. 

(e} Spring. 


Y 


S 


N 
\ 


Pactors controlling automatic oger- 
ation of suction valve at beginning of 
Suction stroke: 


1. (a) Sffective area for atmos; heric 
pressure 3ction. 


ae): ©7854 = 01196 + sy.in. 
BF. 


(bo) Effective srea for hyéros.itic 
pressure action. 


goa. (Ee .7854)- J +7854) :009440,.1n. 
Fe 


. 2, Initial compression of 8 ction 
_} valve spring - 10.8 1bs. 


f orne —(@) 10,66 © 88.98 Ibs. 
(») 0.66 = 1134.0 1be. 


eM me 








From the above it is apparent the 
valve srea is balanced except .0094 
Sqein. This is sdviously undesirable 
because 411 sdvantsge to be gained from 
the suction head prescure is lost. A 
practicabie pombe gh apy J pressure 
should be inadequate to cause automatic 
: suction valve sction during firet mrt 
my of the stroke. It should be beneficial 
+ in hastening the charging during the 


€) last p rt of the stroke, however. 


in 


VALUES FOR COMPRESSION OR OIN 


4 ta 
DIAGRAMS DERIVEL FRO*T GULONER 


TABLES 











SUPERIMPOSED SPR! 
DIAGRATIS FOR:~ M2I~27 ANO 3-48-S1 
CLASSES OF ENGINES 








Ficure 3. 
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suction pressure action. Inasmuch as 89 pounds (against the 
total effective seat area) should be required to open the valve 
automatically, there is obviously no automatic action. There- 
fore, at full power the plunger makes the first half of its suc- 
tion stroke with the suction closed. This provides the ideal 
condition for air leaks past plunger packing, as discussed 
above. 

Figure 4 shows the dimensions and calculation for a suction 
valve of the V-1 to 3 type engines. While the type of valve 
is unchanged, in increasing the size, a considerably larger 
effective area for hydrostatic suction pressure is obtained. 

A factor of considerable importance relative to vacuum gen- 
eration is the velocity of flow through the suction valve. 
Figures 1, 3 and 4 give the dimensions necessary to compute 
the minimum area through which the oil flows and computa- 
tions follow: 

BUREAU TYPE—FIGURE 1. 


Oil velocity through suction valve guide flutes : 


(.4687)? X .7854 — (.28125) K .7854 = .II04I square 
inch = area of annulus including space occupied by vanes. 

Area of vanes = .18745 X .125 X 2 = .04686 square 
inch .11041 — .04686 = .06355 square inch = effective area 
of annulus. 

Plunger displacement pér stroke = (.7187 X .7854 xX 
1.03125 = .41836 cubic inch. 

Flow past valve, in inches, per cycle, = .41836 + .06355 
= 6.5832. 


‘Time involved = BoC = 43733 seconds, 
Velocity == = 49.374 inches per second. 
49-374 X 60 


== 246.87 feet per minute. 


12 
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Similar calculations for S-48 to 51 and V-1 to. 3 types follow : 


“s-48” To “51” TYPE, FIGURE 3. 
Oil velocity through the suction valve annulus: 


Area of annulus = Lé 25")" pd 7854] — LE) x 7854 |= 
.07075 square inch. 


Plunger displacement per stroke = (.592)* X .7854 xX 
1.25 = .34406 cubic inch. 


-34406 





Flow past annulus per cycle = 07075 = 4.8630 inches. 
Time involved = 6G = .042857 seconds. 
a eR : 
Velocity = soqaben 113.47 inches per second. 
113.47 X 60 


rp = 567.35 feet per minute. 


“v-1” to “3” TYPE, FIGURE 4. 


Oil velocity through the suction valve annulus: 
Area of annulus: 


L(% 5) " 7854 | — [ (& ) x 7854 | =. 17180 square inch. 


Plunger displacement per stroke: 


(747) X .7854 X 2.5 = 1.09565 
Flow past annulus per cycle: 





1.09565. _ 
.17180 eh ies 6.3775 inches. 
hh iegpereh ts = 61538 seconds 
‘ime involved: —————- = .o ‘ 
325 X 4 49153 
.., 0:3775 
Velocity 046s. De 138.18 inches per second. 
oe 


“" = 690.90 feet per minute. 
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Relative velocities : 

Bureau Type: 246.92 feet per minute. 
S-48 to 51 Type: 567.35 feet per minute. 
V-1 to 3 Type: 690.90 feet per minute. 


The velocities in the two latter types are excessive. In 
computing the time of induction, the factor 4 was used with 
the R.P.M. for the two latter types because the suction is 
restricted throughout the first half of the suction stroke. It 
follows that only one-fourth of the total time is available for 
induction, t.e., during the last half of the suction stroke. Of 
course the discharge stroke is available for charging but not 
properly so. This period should be available for discharging 
any entrained air back through the suction valve. Obviously, 
the velocities are excessive in latter types because the relative 
time for induction is halved. Practically all fuel pump designs 
now used place the suction valve in the upper part of the pump 
cylinder to facilitate the discharge of any contained air before 
the suction valve closes. 

The velocities derived above are, of course, the mean veloci- 
ties required to fill the pump cylinder in the time corresponding 
to one-half stroke effective travel. Obviously there is a 
grater length of time available (for the same R.P.M.) at 
reduced powers. 

Calculations show that there is sufficient acceleration of the 
oil in the suction pipe to fill the void existing in the pump 
cylinder (at the point of opening the suction valve) in a very 
short time. It follows, therefore, that the major resistance to 
flow will take place at the suction valve. To fill the void 
within 10 degrees of pump crank angle (after the opening of 
the suction valve) would require flow rates through the suction 
valve far in excess of possible ones. Calculations indicate a 
period considerably less than that corresponding to 10 degrees 
of pump crank angle should be required. 
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POSSIBILITIES OF SUPERCHARGING FUEL PUMP SUCTION. 


In commercial practice, it is common to use suction super- 
charging pressures of from 10 pounds to 15 pounds gauge, 
to correct the faults discussed above (and other factors inci- 
dent to other designs) which cause suction lags. The pres- 
sures thus used are derived from oil heads given by a stand- 
pipe run up a smoke stack or mast, or from air pressure on 
oil in the service tank. This supercharging practice has much 
to recommend it for certain designs. 

Supercharging is not used in either of the three designs 
being discussed. Referring to Figure 1, it is obvious that 
supercharging should be entirely practicable for this design 
wherein the suction valve design is concerned. Its use how- 
ever would require the use of packed suction valve stems. This 
is an undesirable feature. It would also require the removal 
of the float chamber now being used. The present installation 
is considered a superior arrangement. 

Referring to Figure 3, it is obviously impracticable to use 
supercharging pressures, because over 1100 pounds would be 
required for automatic suction valve action. This is indeed 
unfortunate, for the design has all the undesirable features 
required for supercharging. 

The greater unbalanced suction valve area, shown in Figure 
4 makes supercharging possible for the V-1 to 3 main engine 
type. It would require a pressure of 125 pounds or more, 
however, which would be too great for the ordinary service 
tank. After installing a service tank sufficiently strong to 
withstand the pressure, air pressure could be supplied from 
the second stage of the engine air compressor. This pressure 
would have to be reduced to the desired pressure. However, 
the ratio of reduction would be small. 

A very satisfactory arrangement for submarine use would 
be that of using first stage air pressure on the oil in the service 
tanks. This would require no reduction and would be quite 
convenient as there would then be a pressure on the oil only 
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while the engine is in operation. While filling the tank it 
would be necessary to relieve the air pressure as with any 
other arrangement. Provisions against inadvertent pumping 
of fuel into the compressor would be required. : 


PRESSURES TO BE CONSIDERED IN DESIGNING AS SHOWN BY 
PUMP CYLINDER INDICATOR CARDS. 


Figure 6 shows indicator cards taken on the Bureau type 
pump. Cards “A”, “B’ and “C” were taken with three sizes 
of indicator springs as shown. The primary object in view 
in taking the cards was to learn what pressure was transmitted 
to the suction valve operating gear by the oil pressure within 
the cylinder, at the instant before the suction valve seated. 
This pressure was accurately determined by measuring the 
suction valve closure curve shown at “d’’ in each card. Other 
important things were learned such as the combined discharge 
line and balancing orifice resistance; the total pressures to be 
considered in calculating bearing sizes, shaft flexures, etc. ; 
the effective travel at various loads; an estimative idea as to 
the compressibility of the oil; and the general characteristics 
of the pressure. 

Since the combined spring pressure of the discharge check 
valves and the spray air pressure was known, it was not diffi- 
cult to estimate the combined drop in the distributing lines and 
the balancing orifices at the spray valves. 

The total pressures developed give reliable data for calcu- 
lating crank shaft sizes for similar pumps. . This ‘factor is 
very important where more than two cranks are used in one 
pump; or, when the crank arrangement is not symmetrical 
with reference to main bearings, because unequal. flexure will 
unbalance the delivery which throws the engine out of power 
balance. 

The. indicator drum‘was driven directly from the pump 
crosshead, There being no reduction in the drum motion, it 
was possible to measure the effective travel directly from the 
card. 
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The character of the discharge dead center lines of the cards 
supplies approximate information as to whether the oil con- 
tained any entrained air such as would make it noticeably com- 
pressible and which would indicate air leaks such as those 
caused by leaking glands. 

The general characteristics of the pressure were interesting. 
The waves of high amplitude in the discharge line were not 
accounted for by ordinary excuses such as vibration in the 
indicator. The analysis shown on card “B” was made in order 
to study the nature of the curves. It became immediately 
apparent that they followed some general law both as to ampli- 
tude and cyclic length. The abscissa lengths of cycles cor- 
responded closely to harmonic plunger motion which was 
generated by a crank shaft. The wave amplitude values seemed 
to follow a similar law. It was, therefore, believed that the 
pulsations were taking place at regular time intervals; but 
were not due to inertia of indicator parts. Irregularities 
resulting from indicator vibration are believed to exist in the 
suction stroke such as at “c’’, and again at the highest wave 
peak. The small table shown below card “B” shows how 
closely the wave cycle measured equal units of time. 

The difference between values “a” and “b”, as shown at 
the bottom of each card, gives the plunger travel between the 
time pressure reaction began in the suction valve gear aa 
the time the valve seated. 


THE BLOW-DOWN EFFECT IN DISCHARGE VALVES. 


After the analysis as shown on Figure 6 had been made it 
was believed that the peculiarity of the discharge line was due 
to a rapid series of openings and closures of the discharge 
valves. This action was due to the blow-down effect obtaining 
from the oil pressure action on the increased projected area 
of the valve when lifted. The area increase was found to 
be about 50 per cent of the initial area, which should be suffi- 
cient to give the valve a vigorous toss at the instant it opened. 
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This resulted in a rapid flow, which exceeded the rate of 
plunger displacement and which caused the pressure to decrease 
correspondingly, allowing the valve to reseat. As shown on 
the diagram, it appears that the pressure at the first and. second 
discharge fell below that of the spray air. This seems some- 
what questionable and is believed due only in small part to 
inertia of indicator parts. 

Calculations of the inertia of the oil does not offer a solution 
for the low pressure. Calculations involving stress flow seem 
to indicate a possible solution if coupled with the inertia factor. 
It is proposed to take similar cards on all cylinders to get 
further data for inertia and stress flow calculations. As the 
fuel lead lengths to each working cylinder vary ; both the inertia 
and stress oscillation values should change. As the length 
of the line increases the period of oscillation and the value of 
the inertia factor will increase. Their combined effect is 
difficult to predict. Were it not for the fact that the changed 
valve seating area actually changed the characteristics of the 
card, it might be considered that the inertia and stress flow 
combination caused the change found, as No. 4 cylinder has 
approximately two times as much fuel line length as has No. 1 
cylinder. 

The decreasing amplitude of the wave as it approaches dis- 
charge center is due to the decreased rate of displacement 
producing less violent pressure reactions. 

It is interesting to note that what appears to be the wave 
base line is actually below the spray air pressure. It seems 
probable that the last small pressure drop (indicated separately 
in Figure) with .018 abscissa from the dead center, is mis- 
leading. If so, the base line should be higher which should 
make it nearer the center of amplitude. 

To test the theory that the waves were caused by discharge 
valve action as outlined above, the discharge valves on one 
cylinder were altered as shown in Figure 7. As may be seen, 
the effective area of lower side of the valve was slightly 
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increased, and the total width of seat reduced to less than 
one-third that of the original. The cards obtained with the 
altered valves are shown at “D’’, “E” and “F’, while those 
obtained with the standard valve are shown at “A’’, ““B’’ and 
“C”. Jt should be noted that cards “A” and “D” were taken 
at the same time, as also, were pairs “B” and “E” and “C” 
and “F’’. Pairs were not taken simultaneously, however. To 
have done so should have left the question of like indicator 
action. They were taken under identical operating conditions 
less than one minute apart. 

Two logical results obtained; first, the larger exposed area 
of the lower side of the valve caused the maximum pressure 
to be considerably reduced; second, the wave characteristic of 
the discharge line was completely changed. There remained 
a very low pressure wave hollow. Instead of two wave hol- 
lows, however, there was but one. 

It is apparent that the blow-down effect in the discharge 
valves causes a pulsating delivery. This is unimportant in air 
injection engines where the spray valve is fuelled while closed. 
But if the fuel delivery to the spray valve takes place while 
injection is in progress, it would cause uneven fuel distribu- 
tion. It would have a more important bearing on airless 
injection systems. 

It may be’ added that the valves to cylinder were reground 
to their seats at the time the altered valves were installed in 
cylinder 4. This seemed to change considerably the charac- 
teristics of the card as compared with the one shown at Figure 
6. It is believed that the reground valve did not fit its seat so 
snugly as it did before regrinding. Before the comparative 
cards were taken on cylinders 1 and 4, cards were taken on 
cylinder 4 with standard valvés. The card obtained was of 
the same type as that on cylinder No. 1. 

It was considered not advisable to reduce the standard area 
of the'seats for service conditions. This would. have increased 
the wear. Due to the fact that no spray valves were fuelled 
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Ficure 7. 
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during injection, the pulsating delivery was considered of no 
importance. 

It should be observed, that with a given type of discharge 
valve, the maximum pressure developed is proportional to the 
plunger velocity at the point of suction valve closure. Com- 
parison of cards “C” and “A” show that the maximum pres- 
sure in “C” was 75 pounds higher than in “A”. Obviously 
the pressure developed is proportional to the power developed. 
This, pressure rise with power, holds true only when the pump 
crank delivery angle is equal to or less than 90 degrees. 


RESIDUAL OIL EFFECT ON GOVERNOR ACTION. 


In studying the various factors to be considered in governor 
design, it was believed that the question of residual oil in the 
spray valves after injection should be investigated. It seemed 
quite probable that if the fuel were totally cut off between 
cycles that the next blast of injection air would eject some of 
the oil down out of the feeder port in the valve body. It was 
further thought that some of this oil should flow down by 
gravity between the injection periods. 

To test the theory outlined above, cards were taken as shown 
in Figure 8. Each of these were taken by depressing a fuel 
pump suction valve by hand after the full card had been taken 
by the working cylinder indicator, the indicator pencil being 
held against the drum through the succeeding few cycles to 
record any secondary areas. In every case at powers above 
100 H. P. secondary areas were recorded. 

Each card shows the same characteristic late ignition for 
the secondary areas. It is believed, however, that enough oil 
ran down by gravity to give a feeble ignition which was 
supplied with fuel after the spray air blast ejected same from 
the feeder port. 

Thinking it possible that partial delivery from the fuel pump 
was taking place to give the secondary areas, the simultaneous. 
working cylinder card and fuel measuring pump card shown 
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in Figure 9 were taken. The fuel pump card showed no 
secondary areas. The working cylinder card showed only one 
secondary area. In taking the pump card, the pencil was 
held to the paper for several cycles. It was therefore decided 
that no secondary deliveries were taking place. This seemed 
entirely logical because were the suction valve allowed. near 
its seat, it would require about 275 pounds pressure against 
the stem to hold it off the seat. Such action would have been 
very perceptible to the operator. The secondary area shown 
in the working cylinder card is 80 per cent as large as the 
full card; but this is entirely consistent with the cards shown 
in Figure 8. These simultaneous cards were taken several 
times to verify results. While the working cylinder cards 
varied slightly, there were no secondary areas shown in any 
of the pump cards. 

The information gained is considered of considerable value 
in estimating governor performance. In some cases it will 
be noted tertiary areas of appreciable size were obtained. 

The relative values of the secondary areas are tabulated 
below : 


Full Secondary Secondary 

B.H.P. M.E.P. R.P.M. M.E.P. Percentage 
800 95. 425. 55. 58 
775 95.6 415. 53.4 56 
700 85.4 415. 46.1 54 
600 70.0 425. 40.0 57 
600 70.0 425. 50.0 71 
300 55. 425. 40. 73 
100 38. ; 425. 00 00 
Idling ¢ 28. 425. 00 00 


It is seen that at the higher powers quite high secondary 
areas obtain. The percentages run highest at medium powers, 
but this has a lower absolute value than the ones at higher 
power. The absolute value is the one to be most seriously 
considered. 
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Assuming the engine mechanical efficiency to be 80 per cent* 
when accelerating at no load, it is apparent that there will be 
about 35 per cent net, of a full charge (in a secondary charge), 
available to accelerate the engine in case the load is suddenly 
thrown off. This, as shown, is sometimes followed by tertiary 
charges of appreciable areas. This is in addition to the charges 
always in the spray valves when a governor acts, due to group 
fuelling of spray valves previously discussed.+ 

It should be remembered that the oil which is drawn from 
the feeder ports when the load is suddenly cut off must be 
replenished by the fuel pump before a renewed load can be 
taken up. This means, that even though the governor instantly 
shifts the pump control to deliver at full capacity, the feeder 
passage must be filled before the spray valve receives a full 
charge of fuel. 

The residual oil factor coupled with the group fuel pump 
control factor makes governor action very sluggish. The 
delayed action is most marked in picking up a sharp load 
increase. Engine performance bears out this theory markedly. 

It appears, that at very low powers the fuel is ejected from 
the feeder passage each cycle, as no secondary areas appeared 
at and below 100 B.H.P. Governor action is therefore less 
responsive to load increases when running at low power. 

Cards were taken of compression only to make sure the 
secondary areas were due to fuel and not due to erratic indi- 
cator action. 

The cards shown in Figure 10 were taken to learn the effect 
of the fuel pump indicator displacement on the quantity of 
fuel delivered. With the indicator cut in the M.E.P. was 
reduced 14 per cent and the action was somewhat erratic. This 
factor must be applied in measuring effective travel on the 
indicator card. 





* Estimated value not based on experiment or calculation. 
t Refer to page 619 of November, 1924, JournaL. 
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THE EFFECT OF DESIGN ON TAPPET CLEARANCE VARIATION 
EFFECTS. 





Suction valve tappets in the fuel measuring pump require 
more frequent adjustment than other parts of the pump. There 
is seldom adequate lubrication provision for them. The effect 
of unequal wear on tappets causes a corresponding fuel delivery 
unbalance. This causes the engine to run out of power balance. 
Running an engine out of power balance at light loads is 
unsatisfactory and at full load is dangerous due to the exces- 
sive heats and mechanical stresses involved. 

The effect of unequal tappet clearances for the four types 
of engines above mentioned have been investigated with a 
view to determining the governing factors. 

Figure 11 shows the suction valve control arrangement, 
calculation, performance curves, and pump crank-pin diagram 
for the Bureau type fuel measuring pump. In the sketch, 

link (b) is attached to the pump crosshead. The tappet screw 
| (a) has a vertical motion (neglecting angularity effects) equal 
to the pump stroke divided by the leverage factor of the com- 
bined upper and lower levers. This factor is 3.1875, as shown. 
The formula from which the “percentage of error in delivery 
due to difference in clearance between tappets’” is derived is 
shown. The pump crank pin circle diagram to which the 
formula applies is shown at the bottom of the figure. Table X 
shows the error values as found by method shown. The crank 
pin circle diagram shows the effective plunger travel values 
used. The note shows the corresponding pump crank-pin 
angles. The effective travel used for idling is 15 per cent. 
This is based on the assumption that the fuel required in the 
idling condition is 15 per cent of that required for full power. 
The load percentages shown are only approximations. They 
are not based on performance. They are used only to show 
effects. 

Using values from table (X), curves are plotted to give 
intermediate points. Generally, the errors at full power are 
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FIGURE 11. 
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small, but increase quickly at lower powers. This makes the 
engine perform badly at low powers, particularly at idling 
condition. As shown, with .004 inch variation the error varies 
from 2.6 per cent at full power to 16.44 per cent at idling 
condition. 

The clearance variation will generally exceed .004 inch at 
the end of a long run. Obviously, the resultant error will 
increase accordingly. 

Three factors of the formula are partially within the 
designer’s control : 


(a) The stroke. 
(b) The value of 9. 
(c) The leverage factor value. 


The rate of wear causing clearance variation can be, within 
limits, controlled by the designer by providing adequate tappet 
bearing areas; proper lubrication of same; and, in particular, 
large suction valve seat areas. 

It is obvious that increasing the value of any factor in the 
denominator of the formula will reduce proportionately the 
resultant tappet clearance effect error. Decreasing the value 
of any factor in the numerator of the formula will cause a 
proportional like result. 

Some limitations to varying the three factors mentioned 
above are as follows: 

(a) The extremely short stroke used for most designs 
seems to be based on precedent set by early designs. In the 
earlier types of engines, due to the low power developed per 
cylinder, the pump stroke had to be short to make the plunger 
large enough to be packed successfully. While a plunger 
3/4 inch in diameter is desirable for practical reasons, little 
practicability is lost -by using plunger diameters of 5/8 inch. 
The tendency, however, is to increase the plunger sizes, allow- 
ing the stroke to remain unchanged. 

In cases where it is convenient to use a special crank shaft 
for the fuel measuring pump for operating the plungers, the 
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long stroke sometimes involves difficulty in getting desired 
shaft stiffness with a simple form of shaft. In view of the 
better performance obtained, however, sacrifices should be 
made to use a long stroke. 

(b) There is some diversity of opinion as to the proper 
value of ® to use. There is theoretically a good reason for 
using any value up to 180 degrees. It follows, therefore, that 
sacrifice must be made in making any decision regarding this 
factor. 

From inspection of the formula, it is obvious that the use 
of 180 degrees for ® would give the lowest tappet clearance 
error, assuming other factors constant. From this point of 
view, therefore, angles less than 180 degrees should not be used. 

With reciprocating types of suction valve control, the use 
of 180 degrees for ® would sacrifice entirely mechanical con- 
trol of the suction valve at full powers.* This would make 
automatic suction valve action mandatory. Vacuum would 
exist in the pump cylinder throughout the suction stroke. 
There would be no time for discharging any entrained air 
back to the suction during the early part of the delivery stroke. 
Obviously this would involve suction slip, which with values 
of ® materially less than 180 degrees, are eliminated. 

With pumps run at the cyclic speed of 4 cycle engines, the 
use of large values for ® involve very long arcs (in terms of 
the engine crank shaft angle) of delivery. This makes fuel- 
ling during exhaust angles necessary. The disadvantages 
involved in fuelling the spray valve during exhaust angles 
have been discussed. 

Obviously, increasing either the stroke or the value of ® 
increases the effective stroke. This, as shown above is limited 
by the plunger size. There is, therefore, no legitimate reason 
for using a ® value greater than 90 degrees unless the stroke 
to be used is for some practical reason limited. 





* Refer to discussion, page 602 of November, 1924, JourNat. 
t Page 586 of November, 1924, Journa. 
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Ficure 12. 
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The use of values of ® less than 90 degrees are advantageous, 
as set forth above; where it is desired to reduce the time of 
delivery. This allows a longer time for discharging air back 
through the suction valve. This use of low © values is par- 
ticularly important in airless injection systems. For uniform 
velocity of delivery in airless injection systems the terminal 
side of the angle © is moved backward toward the quarter. 

Finally, if there is no practical limitation as to the length of 
stroke to be used, any desired value for ® can be used without 
affecting the effective stroke. 

(c) There are several factors bearing on the selection of a 
leverage factor. The commonly used reciprocating suction 
valve control system has the inherent fault of excessive suction 
valve: lift at low powers. Reducing the leverage factor in- 
creases the lift of the valve, where other factors remain con- 
stant. Where the stroke is increased, it is necessary to increase 
the leverage factor if the valve lift is to remain constant. The 
gain from incr@asing the stroke is offset by the increased lever- 
age factor. For this reason, the valve lift limits the reduction 
of clearance error in pumps using the reciprocating type of 
suction valve control mechanism. 

It should be noted in this connection that a rotary suction 
valve control could make use’ of any desired suction valve lift 
irrespective of the stroke. 

In most cases the lubrication of tappets is a neglected factor. 
Proper lubrication of the tappets is not an unnecessary refine- 
ment. It should not be of such nature as to complicate clear- 
ance adjustments, however. The suction valves should have 
large seat areas to minimize the wear. The seat areas of 
suction valves on the Bureau type pump are comparatively 
large. 

Figure 12 gives tappet clearance error computations and 
curves for the S-48 to 61 and R-21 to 27 classes of submarine 
engines. The type of rocker arm used is different from that 
used on the Bureau type pump, but involves the same principle 
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of suction control. It should be noted that the leverage factor 
here is 3.804 as compared with 3.1875 for the Bureau type 
pump. This factor, if other factors remained unchanged, 
would cause the clearance error to run higher than in the 
Bureau type. Both designs use 90 degrees for © at full power. 
The stroke used in this case is longer than in the Bureau type. 
The net result is error values slightly below the corresponding 
ones in the Bureau type. For example, with .004 inch tappet 
clearance variation, the resulting errors for the two designs 
are: 


Full 2/3 1/3 

Load Load Load Idling 
Bureau “Pepe y........... 2.472 3.700 7.420 16.440 
S-48° to 51 Types. coos. 2.114 3.170 6.344 14.094 
Difference -——vccrvensvervds 0.358 0.530 1,076 2.346 


Figure 13 gives computations and curves for the V-1 to 3, 
2250 H.P., 2 cycle engines. Here, the leverage factor is very 
high, being 5.5 as compared with 3.1875 for the Bureau type. 
The reason for the use of such a large factor is obvious when 
the value of the stroke is noticed. The drawings show 90 
degrees as the proper value of ® at full power for this pump. 
Comparison of the clearance error values, for .004 inch tappet 
clearance variation, with the Bureau type follows: 


Full 2/3 1/3 
Load Load Load Idling 
Bureau Type ............ 2.472 3.700 7.420 16.440 
V-1 to 3 Type .2....4.05. 1.760 2.640 5,280 11.730 
Difference .........0+++ , 0.712 1.060 2.140 4.710 


Figure 14 shows the curves for the three designs superim- 
posed. All curves run thus: 


Bureau Type error..... highest. 
S-48 to 61 Type error. .intermediate. 
V-1 to 3 Type error... .lowest. 


It should be noted here, however, that while for the V-1 to 3, 
90 degrees is given by the drawings for the value of ®, this 
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value does not hold for operation. Reference to the previous 
paper mentioned at the beginning of this article, will show 
that actual effective travel values were found from records 
of each test of these engines. These values were accurately 
determined to calculate the volumetric efficiencies of the pumps. 
The average value of © (for full power) used in testing these 
engines was 76 degrees 20 minutes. As this reduced value for 
® means lowered effective travel values, it is necessary to 
compute new values for fair comparison. 

Figure 15 gives the table of new values computed for ® 
values as shown in the pump crank pin circle diagram of that 
Figure. The actual values are very different to the values 
expected by the designer. Comparison for .004 inch clearance 
difference follows: 


“v1” TO as; A 





Full 2/3 1/3 

Load Load Load Idling 
Expected Value of 0...... 1,760 2.640 5.280 11.730 
Actual Value of 0........ 2.300 3.456 6.900 15.360 
Pateerence ns ge 0.540 0.816 1.620 3.630 

FINAL COMPARISON WITH BUREAU TYPE. 

Full 2/3. 1/3 

Load Load Load ~ Idling 
Bureau Type ............% 2.472 3.700 7.420 16.440 
Actual V-1 to 3 Type..... 2.300 3.456 6:900 15.360 
Difference ...........,.-% 0.172 0.244 0.520 1,080 

FINAL COMPARISON OF. THREE TYPES. 

Full 2/3 1/3 

Load Load Load Tdling 
Brea Tae eas soe 2.472 3.700 7.420 16,440 
V-1 to 3 Type.......d... 2.300 3.456 6.900 15.360 
S-68 to 61 Type........... 2.114 3.170 6.344 14,094 
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The curves in Figure 15 show the final comparison for clear- 
ance differences of .002 inch and .004 inch. The other curves 
were omitted for clarity. 

Obviously, the low actual value of ® is due to the use of 
plungers too large in diameter. It is apparent that the designer 
expected very low volumetric efficiencies. 
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Figure 16 shows the throttle quadrant chart and the method 
of determining the value of 9. 

The final result of the design is, that the pumps now have 
capacity to overload the engine about 35-1/2 per cent besides 
the loss in the clearance error factor. The machinist operating 
the engines will most naturally open the throttle enough to 
get the desired power. This will eventually overload some 
cylinder or cylinders 35 per cent.* The result of such over- 
loading is cracked cylinders, cylinder heads or both. 





* This value may exceed 35 per cent. Refer to page 595 of November, 1924, JouRNat. 
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PRACTICAL DESIGN FACTORS TO BE CONSIDERED, 


The discussion following bears on the practical side of the 
parts discussed above. They are: 


(a) The suction valve and cage. 
(b) The suction valve spring. 
(c) The discharge valve. 

(d) The tappets. 


(a) Referring to Figure 1, it is seen the Bureau type pump 
suction valve cage has a long taper seat. This requires little 
pressure to make it tight. 

Figure 3 shows the use of a gasket to make the suction valve 
cage tight. An annealed copper gasket is used. This requires 
considerable pressure to make it tight. In the effort to make 
the cage tight on the seat it is forced down quite hard. This 
. causes the cage to deform at the point where the porting holes 
are drilled. This deformation causes the valve to leak. If 
the leak is bad, it will be immediately noticed. If the leak is 
- only slight, the valve will soon show a score across its seat 
caused by erosion. The valve and cage construction here 
shown are more expensive to renew than the Bureau type. A 
further disadvantage is the difficulty of repairing a case hard- 
ened valve at sea where no grinder is available. 

(b) Figure 1 shows the suction valve spring diagrams. As 
before shown, it permits automatic valve action. 

The diagram at E in Figure 3 shows superimposed spring 
diagrams for the R-21 to 27 and S-48 to 51 class fuel pumps. 
The excessive breakage of springs in the R-21 to 27 class 
justifies the change in the other class. 

(c) The Bureau type discharge valve is shown in Figure 7.. 
It is made of cast iron. It can, therefore, be easily repaired at 
sea. It has an adequate guide factor and is quite satisfactory. 

The design of the check valves of the R-21 to 27 pump and 
fuel check blocks, theoretically looks very good. The hemi- 
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spherical seating surface is expected to give perfect seating 
at any canting angle it is possible for the valve to take in its 
guide. But this does not prove the fact in service for two 
reasons: (@) it is practically impossible to make the seating 
surface a perfect hemisphere; (b) the hemispheric shape is 
destroyed by the slightest grinding. 

The radius of the hemisphere is too small to grind, in an 
ordinary grinding machine. They are turned with a forming 
tool and lap finished. A special attachment is required for 
grinding which is not in use in navy yards, 

The valves, instead of being ground to make tight to seats, 
should be gently tapped-in to seats. This is practicable, only 
if each time a valve is seated, the seat be recut to give a knife 
edge. This, obviously, causes rapid seat wear, due to small 
surface, and is inconvenient. Further, tapping a valve to a 
tight seat requires intuitive workmanship, not common to 
machinist’s mates. 

Figure 17 shows this valve with seating angle computed. As 
is shown, the seating angle is 48 degrees from the vertical 
axis. This is the initial seating angle. As the valve wears 
down into the seat, the angle changes. Inspection of Figure 
18, which is a large scale of Figure 17, will make this clear. 
It is evident, that for anything wider than a line seat, the seat 
is concave in form. Therefore, it has a mean seating angle, 
point (X) in Figure 18. But point (X) will coincide with 
point (y) of the valve. Obviously, tangents to (y) and (z)— 
the knife edge seating point, form different angles with the 
axis of the valve. Incidently, it is evident, that this type of 
valve affords a greater valve opening for a given lift than a 
cone seat of the same seating angle. In this case it is as shown 
004 inch. 

The important defect to note, is, that as the valye wears 
down into its seat, it meets a constantly changing angle. This 


downward wear is fast until the seat becomes a practicable 
width. 
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Ficure 18. 

The above faults are not illusionary theories. Tests of these 
valves in service show that valves, perfectly ground, are per- 
fectly tight when seated exactly in position in which ground, 
But when canted slightly they leak badly. A valve when 





ground in may test perfectly. Then if the engine be jacked 
over causing the valve to lift, as it does in operation, a test 
will probably show the valve leaks. This is because it has 
canted differently in its guide. If an engine be run with the 
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bypass to one fuel line open, a series of irregular spurts of 
air will go out the return line. This proves the action to be 
faulty. When the valves are tapped-in to their seats the action 
is very much better. 

There is only one discharge check valve at the pump in the 
R-21 to 27, S-48 to 51 and V-1 to 3 classes of engines. The 
S-10 to 18 and Holland type submarine engines have fuel 
pumps fitted with two discharge valves. The former classes 
have two fuel check valves at the spray valve; but there is 
quite an effective volume afforded by the fuel line between 
the check valve at the pump and spray valve check. This 
supplies a requisite for air binding. Further if the check at 
the pump leaks slightly and any air is pocketed in the line, the 
oil will be forced back through the suction valve by the expan- 
sive air. But in the latter classes of pumps mentioned, there 
is practically no volume between the valves. Therefore, both 
of them must leak before an airbound line can effect the pump. 
Further, assuming both valves do leak, the fluid is wire-drawn 
twice to get back to the plunger chamber. Therefore, the 
amount of oil leaked is reduced. It seems highly desirable, 
in view of the above, to use two valves at the pump instead 
of two at the spray valve. In fact, there is little sound argu- 
ment against the use of two valves at each place. This should 
add to complication and should slightly raise the discharge 
pressure at the pump, but an added valve should do its share 
of wire-drawing, thereby reducing pounding and wear. 

(d) The tappets should be so made that adjustments can 
be made with thickness feelers. The tappet cap shown at F 
in Figure 3 does not meet this requirement. It does provide 
a lubrication pool. but this does not offset inaccuracies of 
adjustment which result from its use. 
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NOTES ON BOILER OPERATION AFLOAT. 


By CoMMANDER W. P. BEEHLER, U. S. N., MEMBER. 
SENIOR ENGINEER Orfricer, U. S. S. “MaryLanp.” 


The following notes have been compiled as a result of expe- 
rience aboard the U. S. S. Maryland* during the past fiscal 
year. The accompanying curves have been found useful in 
making rough determinations of the boiler efficiencies under- 
way but their principal use- lies in the fact that they show 
graphically how the total steam generated in the boilers is 
distributed amongst the main units and auxiliaries. No claim 
is made for greater accuracy than one or two per cent but 
this will usually be found sufficient for all practical. purposes. 

Naturally the following exposition is based on practice in 
the battle fleet and aboard an oil burning battleship, but it is 
believed that some of the principles involved will apply equally 
well to other types. 

Other things being equal, the greatest gain to be made in 
the economical operation of the whole plant lies with the 
boilers; and the most careful management of these units is 
essential if real economy is to be obtained. With turbine 
installations, turbo-generators, good lagging, tight joints 
and valves, there is little the Engineer Officer can do underway 
to improve the overall economy of his plant except in the man- 
agement of the boilers, main condensers and back pressure. 

Considering first the question of boiler operation underway, 
it will be found that the greatest difficulty occurs during the 
period of fleet maneuvers, a trying time for the whole Engineer 





* The Maryland won the Engineering Performance Competition for the year 1923- 
1924.—EpitTor. 
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Force even under the most favorable circumstances. The 
Commanding Officer will rightly demand of the Engineer 
Force; 1st, large reserve power over and above that necessary 
to make the “standard speed” signalled for the fleet by the 
Flag; 2nd, reliability of operation at all times; 3rd, absence of 
smoke. To fully meet all these requirements and at the same 
time to operate the plant with reasonable economy during this 
period demands the most serious study of the whole problem 
by the Senior Engineer Officer. . Simply lighting off sufficient 
extra boilers to meet the greatest probable demands for power 
will not solve the problem. A study of the requirements during 
maneuvers on board the Maryland resulted in the following 
organization and system of training, viz: 

Efficient and instant communication was needed from the 
bridge to the Main Control Room (Officer of the Watch). 
This was accomplished through the JA telephone circuit from 
the bridge, which was manned on the bridge by one of the 
Junior Officers of the Engineers Force, whose primary duty 
was to keep in close- touch with the Signal Officer and to 
inform the Officer of the Watch in the Control Room imme- 
diately of pending changes of speed as soon as signalled by 
the Flag. 

Efficient communication from the Main Control Room to 
the various firerooms, in addition to the burner control and the 
voice tubes. This was accomplished by means of the JV tele- 
phone system on the Maryland and also extended to the “smoke 
watch” on the bridge. 

Instant reliable communication with the personnel operating 
the fuel oil pumps in the Machinery Spaces in addition to the 
Fuel Oil Pressure Telegraph System. This telegraph was 
double banked by a separate JV telephone circuit from Control 
Room to the lower Machinery Spaces which was found to be 
essential after several failures of the Fuel Oil Telegraph during 
maneuvers had resulted in the ship laying down a smoke 
screen, not called for by the Flag. 
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Telephone communication was also maintained from control 
room with the “up and over” Chief Water Tender who was 
in general charge of the blowers and the supervision of the 
fireroom personnel. -The duties of this Chief Water Tender 
were to supervise the shifting of burner tips, to inspect the 
lubrication of the blowers and generally to assist the various 
water tenders when cutting out boilers or making other radical 
changes. With the above mentioned systems of communica- 
tion intelligently manned the following provisions were made 
in the various firerooms, viz: 

Sufficient boilers were lighted off and brought on the line 
to insure enough power for one knot greater than the “Flank 
Speed” required of the Fleet during the period of maneuvers. 
In at least two of the steaming firerooms a complete spare 
set of barrels fitted with smaller size burner tips were kept 
ready at hand for instant use. (Cuyama type Bureau design 
burners were installed on the Maryland at that time.) 

All steaming firerooms were equipped with complete sets of 
burner tips of all sizes in use on board ship, viz: 42, 45, 48, 55 
and 60. In general all steaming boilers were fitted with 45 
tips when the full power of these boilers was to be required 
without undue forcing. 

Under these conditions, slight variations in the power de- 
mand could readily be met by small changes in the fuel oil 
pressure which was varied to meet requirements by the Chief 
Water Tender in the Control Room. In general an effort was 
made to keep the pressure at the burners of all boilers at about 
120 pounds when using the 45 tips. Under these conditions 
the boiler efficiencies were found to be higher than those which 
obtained when using say 55 tips with the higher resultant oil 
pressure and the shorter flame in the furnace. 

Radical changes in speed requiring greatly reduced power 
were met by cutting burners only after the oil pressure at the 
burners had been reduced to about 90 pounds when using 45 
tips. Usually effort was made to keep all six burners under a 
boiler as long as possible. 
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If this reduced speed was to be maintained for any length 
of time one or more boilers were ordered to shift to a smaller 
size tip for that period. These boilers with the smaller tips 
were then controlled as to oil pressure by the master valves 
in the firerooms, and the best possible furnace conditions were 
maintained by reducing pressures locally. 

The system had the required flexibility since changes in 
speed could be met by variations in oil pressure, shifting of 
tips and the cutting in or out of burners as necessary, the whole 
scheme being under the Chief Water Tender in the control 
room who could in turn be supervised by the Officer of the 
Watch so that the highest possible boiler efficiency could be 
maintained for any given condition. Since the Officer of the 
Watch was informed ahead of time in the event of any change 
of speed, the necessary changes’at the boilers could be made 
in advance and the steam could be controlled to the best 
advantage. 

The satisfactory operation of such a system, however, re- 
quires trained water tenders and a thorough understanding 
of the principles of efficient operation on the part of the Chief 
Water Tender concerned. Therefore the entire time, both at 
sea and in port, must be devoted to the training of these petty 
officers. Fortunately the Maryland was able to obtain two 
steam flow meters (Bailey Type), one of which was installed 
on No. 7 boiler and used in the training of the personnel as 
well as for obtaining a check on the boiler efficiencies at various 
rates of steaming and under various conditions. In this man- 
ner the personnel was induced to watch the condition of the 
furnace at all times when on watch on this boiler and to become 
accustomed to the proper appearance of the furnace when air 
and oil pressures were correctly adjusted for any given steam- 
ing rate. The boiler meter was fitted with an air flow pen 
which recorded on the chart simultaneously with the steam 
flow record. The air flow meter having been properly adjusted, 
it was only necessary for the water tender to regulate his 
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blower speed so that the steam and air flow recording pens of 
the meter were kept together. 

The value of these steam flow meters in training the per- 
sonnel can hardly be overstated, particularly since a record of 
the water tender’s performance is always ayailable on boilers 
so equipped. 

The system outlined above is sufficiently flexible to meet all 
service conditions so long as the fireroom personnel is trained 
to make quick adjustments on orders from the control room, 
while the latter being forewarned of large changes in speed 
can order the necessary changes in advance. It was found on 
the Maryland that with spare barrels at hand the burner tips 
could be shifted in less than one minute. For example, the 
ship is steaming at standard speed, 15 knots, with-seven boilers 
on the line, four of which have 55 tips while the other three 
have 45 tips with an oil pressure of say 120 pounds. The 
Officer of the Watch receives word over the JA phone that 
signal is up for flank speed. He immediately raises the oil 
pressure to about 200 pounds and orders the boilers with small 
tips to shift to 45. By the time the signal of execution is 
made, the control room will be ready with a full head of steam 
and all boilers steaming with the larger sized tips. When 
flank speed has been reached the oil pressure is reduced gradu- 
ally until a balance is maintained. 

Since absence of smoke is one requirement of vital consider- 
ation during maneuvers, it was found necessary to train the 
water tenders to raise the air pressure immediately as soon 
as any increase was signalled on the fuel oil pressure telegraph. 
Any delay in carrying out the instructions resulted inevitably 
in a cloud of smoke which not only caused considerable annoy- 
ance to the bridge but obscured the signals. 

Another cause of smoke was due to a surging of pressure 
in the oil lines when the oil pressure was being varied simul- 
taneously by two fuel oil pumps discharging into the same line. 
This was overcome by having one pump run at constant speed 
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while the other pump was operated at the speed necessary to 
maintain the required pressure on the common discharge line. 

After an increase in oil pressure had been made, the water 
tenders gradually reduced the air pressure until furnace con- 
ditions showed the absence of any excess air over the minimum 
possible, being assisted in this by the “smoke watch’’ on the 
bridge, who gave warning to the fireroom concerned as soon 
as a light haze was noticed. A rough check on these conditions 
was available in the control room at the manometer board but 
the final adjustment of air pressure lay between the water 
tender and the smoke watch on the bridge. 

When steaming at a steady rate of speed for any length of 
time a fine control was obtained by using only one bgiler, out 
of the battery, for the control of the total output of steam, 
conditions being maintained constant on the remaining boilers 
and the fuel oil pumps. The “control boiler” varied the oil 
pressure at the master valve as needed to meet the small load 
variations, while the remaining boilers, having all conditions 
steady, were steaming at the point of maximum efficiency for 
that particular rate of combustion. 

The scheme used during maneuvers and the organization of 
the Engineer Force with the training required may seem at 
first to be somewhat elaborate and complicated: It will be 
found, however, that it is highly centralized and that the 
officer of the watch has everything under his control. 

Naturally the actual work of boiler control is usually ‘left 
to the’Chief Water Tender in the control room, who is, how- 
ever, under the supervision of the Officer in charge of the 
“B” Division, since the latter was responsible for the training 
of the fireroom personnel. 

Take another example: suppose the standard speed of the 
fleet is 15 knots. The Engineer Officer must then have suffi- 
cient boiler power available to turn up 19 knots with something 
to spare, ds the ship must not only be able to make flank speed, 
but must be accelerated from a lower speed; and this accelera- 
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tion can rarely take more than one minute. Nineteen knots 
will require at least seven boilers on the line if they are not 
to be forced to the limit, while fifteen knots will usually be 
maintained with four to five boilers steaming easily. There- 
fore a reduction from “flank speed” to “standard speed” will 
mean that of the forty-two burners in use at the higher speed 
from twelve to eighteen burners will have to be cut out. If 
speed is reduced to two-thirds, the cut is even more drastic. 
This cutting of burners, with the sudden chilling of the furnace 
and the large increase in excess air admitted, is not only hard 
on the boilers but inevitably reduces the efficiency to as low 
as fifty per cent and lower, depending on the number of burners 
cut out. If the oil.pressure can be gradually reduced and the 
tips shifted, a great deal of this loss may be saved. In practice 
the tips cannot be shifted during maneuvers unless they are 
ready at hand in spare barrels. On the Maryland, it was found 
that these tips could be shifted in less than one minute and 
in this way ample boiler power was available at all times 
provided warning was given as to change of speed. Ships 
of this class having very short steam lines with practically 
no reservoir of steam will require as much notice as possible 
to build up the necessary head of steam to meet the demands. 
In terms of the Engineering Competition, the advantages may 
be roughly summarized as follows: simply lighting off the 
required number of boilers and letting the Officer of the Watch 
shift for himself during maneuvers on the Maryland resulted 
in a “score” of about seventy during that period, while using 
a scheme as outlined above the “score” was frequently as high 
as ninety-five and during easy maneuvers as much as one 
hundred and one. From this point of view it might be said 
to pay for the work in training and organization involved. 

Of course conditions sometimes arise where changes of 
speed are made so rapidly that the demands can only be met 
by cutting in or out burners to control the steam. Under such 
conditions nothing can be done towards economy. 
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In regards to economical operation of boilers during periods 
of steady steaming, several interesting points were brought 
out by the steam flow meters. Everyone is familiar with the 
RB, & W. curves showing the variation in efficiency with varying 
rates of combustion. These curves indicate that for a particu- 
lar type of boiler and size of furnace there will be one rate of 
combustion where the overall efficiency reaches its maximum. 
On tests aboard the Maryland, it was found that while the 
general shape of the curve held true for all practical purposes, 
several other factors entered into the problem. Using different 
size tips with corresponding oil pressures for the same rate 
of combustion, widely different efficiencies were obtained, 
experience showing that the highest efficiencies occurred with 
all burners in operation and the flame sufficiently long to 
reach the back bridge wall. If the flame is short much lower 
efficiencies result. It would appear that the long flame heats 
the brickwork to incandescence with the result that the radiant 
heat becomes effective in generating steam in the lower rows 
of tubes. Under these conditions, it is reasonable to suppose 
that the coefficient of heat transfer is higher at that point. The 
air flow pen on the boiler meter indicates an increase in excess 
air when all of the burners are not in use. 

For this reason an effort was made on the Maryland to keep 
all six burners in operation as long as possible by using smaller 
tips and reducing the oil pressure as the load dropped off. In 
port it was necessary for the Engineer Officer having the duty 
to watch the load carefully at all times in order that the boilers 
might be operated to the best advantage. Further cooperation 
was required between the fireroom personnel and the watch 
in the machinery spaces, in order that the former might be 
warned in time of any prospective change in the power require- 
ments. For example, before cutting in power on the turrets 
or on a boat crane, the machinery space watch notified the 
fireroom, in order that furnace conditions could be regulated 
to the best advantage to meet the demand. 
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Another very interesting point brought out by the steam flow 
meters was the necessity for constant water level in the boiler 
gauge glass at all times; in other words, constant feed. As 
shown on the chart of the meter, irregular feed results in wide 
variations of steam flow rates, even under constant load condi- 
tions, which results in greater loss of efficiency than is com- 
monly appreciated. With green water tenders this variation 
under constant load can amount to as much as from fifteen to 
twenty per cent of the total output of steam and the loss in 
economy may be as high as five per cent due to this cause alone. 
After training these same water tenders were able to reduce 
the fluctuations to as low as two to three per cent and to equal 
the performance of the best automatic feed regulators. Such 
trainwg had the further advantage that the danger of boilers 
priming due to high water was practically eliminated. This 
further reduced the danger of loss of light and power due to 
carrying over water in the short steam lines. 

Excess air due to leaks in boiler casings was guarded against 
by frequent smudge tests which well repaid the trouble. On 
the Maryland the principal source of loss due to this cause was 
found in the wake of the superheaters. 

One other item of boiler operation deserves special attention, 
and that is the regulation of the boiler feed temperature. On 
vessels of the Maryland class, the upper limit of feed tempera- 
ture is unfortunately limited by the fact that the heaters are 
on the suction side of the main feed pumps. It is well estab- 
lished in power plants ashore that feed heating is economical 
even if live steam is bled from the boilers, or from one of the 
first turbine stages for this purpose. Consequently, the per- 
sonnel charged with the duty of regulating the back pressure 
on the auxiliary exhaust line, cannot be allowed to sleep on the 
job aside from the unhappiness such fluctuations will cause 
the watch on the evaporators. Underway, therefore, it was 
found necessary to keep the machinery space watch informed 
of changes in speed, since these changes involved different 
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blower speeds and either a greater or less volume of steam 
discharged into the auxiliary exhaust lines. Variations in back 
pressure also directly affected the blower speeds and such 
unlooked for changes were not noticed by the water tenders 
as a rule. For example, the ship is steaming steadily at some 
constant speed and the back pressure being carried on the 
exhaust line is, say six pounds gauge. The water tenders 
have all conditions regulated in the firerooms and the air flow 
is the minimum for that rate of combustion. Suddenly, due - 
to inattention in the machinery space, the back pressure rises 
to, say ten pounds, causing the blowers to slow down. Unless 
the water tender is watching his fireroom pressure, this slow- 
ing down of the blowers will pass unnoticed until his attention 
is called to the fact that his boiler is smoking. Thus a fluc- 
tuating back pressure can operate to prevent any sort of good 
economy at the boilers. 

Incidently, it should be remarked for the benefit of those 
interested, that a steam flow meter was also installed on the 
auxiliary steam line in the machinery space forward, by means 
of which it was possible to check the water rates of the various 
units of auxiliary machinery. Aside from this, the greatest 
advantage due to the use of this meter was the possibility of 
obtaining a complete record of the electrical load with all the 
fluctuations throughout the whole twenty-four hours. Each 
piece of electrical machinery gave a distinctive curve on the 
steam flow meter chart, when the meter was recording steam 
flow to the turbo generator, the loads due to boat cranes, tur- 
rets, air compressors, etc., were easy to recognize and integrate. 
In this manner, it was possible to check the load on the boilers 
due to any piece of machinery in operation. In port, where 
the greater part of the total load on boilers is electrical, it 
becomes a matter of primary importance to check the distribu- 
tion of the electrical load, and for this purpose the steam flow 
meter becomes an invaluable aid. In addition to the above, a 
comparison of the electrical log and the steam flow chart 
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revealed any loss of vacuum at the auxiliary condenser, since 
the latter meant an increase in the water rate for that particular 
load. In practice a loss of from one to two or more inches 
of vacuum was caught in just this manner. When the meters 
were first installed it was feared that the roll and pitch of 
the ship would adversely affect the operation and accuracy of 
the meter but such proved not to be the case. 

With the aid of the meters a heat balance could be quickty 
made with reasonable accuracy and the absence of guess work. 
It is the writer’s belief that a meter at each boiler and in each 
machinery space is a necessity for intelligent and efficient 
operation of the plant. 

One of the greatest problems confronting the Engineer 
Officer, striving for economical operation, is the one of readily 
determining whether or not his boilers are being operated to 
the best advantage. Usually this involves a laborious check 
on all the machinery in operation and a lengthy calculation of 
the boiler performance, by which time conditions have probably 
changed. In order to have at hand for a quick check and a 
graphical solution of the problem, the writer had a set of 
curves constructed which are reproduced herewith. No claim 
is made for great accuracy by this method but the results 
should ordinarily check to within one or two per cent and give 
sufficient data to prevent large losses. 

On a fair sized sheet of cross section paper the following 
curves are plotted from available data and calculations, viz 
(See Fig. 1): 

_ Curve “A” is the S.H.P. plotted against R.P.M. This data 
is obtained from the R.P.M.—Speed Curve, and the Speed— 
S.H.P. Curve. 

Curve “B’’* shows the total pounds of steam per hour Main 





* Curve “B” (S.H.P. vs. Total Steam Main Turbines) does not plot out as a straight 
line as indicated, but consists in reality of three separate curves forming nearly a 
straight line; this is due to the fact that at the higher speeds the two 24-pole combination 
is used while at the lower speeds the one 36-pole combination is used. These curves 
should be plotted on a larger scale to avoid inaccuracies, 
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Turbines alone plotted against S.H.P. On the Maryland this 
data was obtained from the water rate tests made on the main 
turbines and must take into account the motor and generator 
efficiencies under various loads. In reality these are three 
curves combined in one as different operating conditions such 
as single or split control and the thirty-six or twenty-four pole 
combination affect the water rates. Therefore for the Mary- 
land this is not a straight “Willans Line.” 

Curves “‘C” show boiler efficiencies plotted from total steam 
per hour against gallons of oil per hour. In these calculations 
the boiler pressure is assumed at two hundred and sixty pounds 
gauge with forty degrees superheat and a feed temperature of 
two hundred and twenty degrees F. If greater refinement is 
desired, a correction factor can be applied for variations in 
feed temperature, etc. The curves are calculated assuming 
19,000 B.T.U.’s per pound of oil and may be corrected for 
any variations in specific gravity and heat content. 

If the ship is equipped with a boiler meter the accuracy of 
these curves may then be readily checked and any discrepancies 
remedied. The supplementary curves, which are plotted on 
additional sheets of cross section paper, consist of the steam 
consumption curves of the condensing and non-condensing 
turbo generators in which the total steam per hour is plotted 
against ampéres, the voltage being assumed constant at two 
hundred and forty. Additional curves are plotted for varia- 
tions in back pressure and vacuum on each side of the standard 
conditions (See Fig. 2). 

The steam consumption of the various steam driven auxili- 
aries are tabulated for quick reference and plotted against 
R.P.M. (See Figs. 3, 4, 5). Steam to galley, pantries, and 
heating circuits can only be estimated in the absence of meters 
but underway this amount of steam is usually so small in com- 
parison with the total that the error involved is slight even 
though the estimated consumption may be 1000 pounds in 
error. 
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In using these curves the R.P.M. is entered as one argu- 
ment, and from this, the total steam for main turbines alone 
is obtained. To this total is added the steam to auxiliaries 
from the supplementary curves, thus giving the total steam 
required from the boilers. With this total steam per hour 
as one argument, and the gallons of fuel oil per hour as the 
other argument, the approximate overall efficiency of the 
boiler can be read off. This can be further corrected for any 
variations from the assumed conditions. 

The curves give a graphical illustration of the distribution 
of the steam, and permit a ready determination of the con- 
trolling factor for any particular set of conditions. For 
example, at low rates of speed, it becomes apparent that the 
auxiliaries are the controlling factor, and that, therefore, an 
increase in the efficiencies of these units, brought about by 
lowering the back pressure, will result in an increase in econ- 
omy for the whole plant, since the loss in feed heat, due to the 
lower pressure, will be more than offset by the gain in economy 
of the non-condensing turbo-generators. On the other hand, 
at high speeds, the steam consumption of the main turbines 
becomes the controlling factor and the increase in economy 
due to high feed temperatures is apparent. 

’ In addition to the above, the use of the curves gives a ready 
method of comparing the boiler performances under different 
conditions of operation and the expected gain of one method 
over the other may be easily seen. 
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NAVY DIRECT CURRENT MOTORS. 
TYPES AND CHARACTERISTICS. 


By C. Huey, Civit MEMBER. 
MATERIAL ENGINEER, NAvy YARD, NEw York. 





The use of electric motors on board U. S. Navy ships is 
rapidly increasing§ Due to the inherent advantages over 
steam, hydraulic, or air motors, as a medium of power, electric 
motors are now applied as the prime mover of practically all 
classes of marine machinery. 

The following specific classes of machinery are electrically 
driven: 

Steering gear, anchor windlass, boat cranes, deck winches, 
capstans, galley appliances, air compressors, refrigerating 
machines, ventilation sets, engine room auxiliaries, fire room 
auxiliaries for port use, pumps, laundry machinery, machine 
tools, printing appliances, searchlight control, gun and turret 
control, ammunition hoists, shell ramming, and motor gen- 
erators. 

Motors as used in the Navy may be divided into several 
classifications, depending on the (a) type of field winding, (b) 
character of service, (c) the control of the direction of rota- 
tion, and (d) degree of protection from harmful elements. 


(a) From the type of field, all motors are classed as: Shunt, 
Series, or Compound. Shunt motors may be further classified 
as—Constant speed or Adjustable speed. 

(b) The character of service classifies the above types of 
motors as—Continuous duty or Intermittent duty. 

(c) The control of the direction of rotation further classifies 
the above types as—Non-reversible or Reversible. 
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(d) The degree of protection from harmful elements classi- 
fies the motors as—Open, Semi-enclosed, or Enclosed. The 
enclosed motors are further classified as—Submersible, Water- 
tight, Dust-tight, or Ventilated. 

The success with which the many motors operate on Naval 
vessels depends to a considerable extent on factors such as the 
following : 

(a) Selection of the proper size of motor (horsepower 
rating). 

(b) Selection of proper class of motor (intermittent or 
continuous duty). 

(c) Selection of the proper rated speed. 

(d) Selection of the proper type of field. 

It is, of course, assumed that the motor is properly designed, 
honestly manufactured, and rigidly inspected by Navy inspec- 
tors. This paper will discuss the factors to be considered in 
the proper selection of a motor for a specific purpose. Impor- 
tant requirements not usually covered by specifications and 
which influence the satisfactory service performance of a 
motor, will also be discussed. 


SELECTION OF SIZE. 


Selecting the proper size would appear to be a matter of 
mere calculation of the normal operating load of the machinery 
which is to be operated by the motor. However, the real diffi- 
culty is to determine, within reasonable limits, the normal 
horsepower required. The selection of the size motor is a 
function, in some instances, of the Navy authorities but, in 
most instances, of the manufacturer of the machinery. It is 
to be expected that, due to competitive bidding, the manufac- 
turer will offer a motor of the smallest type size that will 
answer the requirements. The size is selected and approved 
in advance of service performance, the motor is tested at the 
factory by the inspector and independent from the machinery. 
While the contractor for the complete machinery device may 
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be legally held by contract for the satisfactory performance 
after installation, nevertheless, the importance of a thorough 
knowledge of size of motor required cannot be overestimated. 
Once a motor is installed, there is great difficulty and incon- 
venience in increasing its size. 

Navy specifications require overload acceptance tests at the 
factory, amounting to 25 per cent, 50 per cent, or 100 per cent, 
depending on the class of service. These overloads, however, 
are based on the name plate rating of the motor and not on 
the actual overload requirements of a particular brand of 
machinery.. While, for the purpose of standardization of tests, 
it becomes necessary to have definite load tests on similar 
classes of machinery, the disturbing problem is due to the 
frequent great variation of load demands between different 
makes of the same class of machinery. As an illustration, a 
dough mixing machine manufactured by “A” offers a 3 H.P. 
motor. The test for acceptance is based on 3 H.P. rating, 
whereas the average normal load in service is say, 2 H.P. 
The excess of one H.P. which the Navy obtains, due to the 
manufacturer’s: generosity, error, or policy of playing safe, 
would naturally result in a longer life and a cooler running 
motor. On the other hand, manufacturer ““B’’ offers also a 
3 H.P. motor, but, in this instance, due to the use of a different 
system of gears, gear ratio, bearings, or a more efficient pro- 
peller, the average normal horsepower in service coincides 
with the 3 H.P. rating of the motor. While the motors of 
both manufacturers receive the same load tests at the factory, 
“A’s” motor in service outlives “B’s’’ motor which is theo- 
retically more nearly correct. The Naval personnel would 
favor manufacturer “A’s’’ motor on account of its cooler 
operation and probable more nearly perfect commutation. 

In selecting the proper size of motor, it is of importance to 
know, in connection with the actual brand of machinery to 
be operated, the complete load demand characteristics under 
all conditions of operation. This is for the purpose of deter- 
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mining the average load which normally would determine the 
rated size. In some instances, where there are excessive “peak’’ 
loads, the selected rating should be considerably above that 
based on the average load. The reason for this latter selection 
is due to the fact that the “peak” load, such as in air compres- 
sors or jacking engines, may be excessive and cause consider- 
able damage to the commutator and brushes .by excessive 
sparking. In order, therefore, to obtain a clear insight as to 
the load demand, it is desirable for the Navy designers in con- 
nection with Navy built machinery and for manufacturers in 
connection with machinery supplied complete as a unit with 
motor drive, to obtain a graphic ammeter record of the com- 
plete cycle of operation on each kind of apparatus and each 
brand of apparatus. As a graphic illustration of the problems 
involved in determining the ‘“‘safe average’ rating for a motor, 
the following usual operating characteristics are assumed for 
the motor ampéres, showing the problems involved in deter- 
mining the proper motor rating: Figures 1, 2, 3, 4 and 5. 

It is evident from the many combinations of characteristic 
loads experienced in Naval service, of which only a few gen- 
eral types are illustrated above, that a careful study of the 
load requirements is necessary for the successful operation 
and long life of a motor, even though it has passed all pre- 
scribed tests. Although the load characteristics on many 
important motors have in recent years been determined by 
graphic records on shipboard, there are still many motors of 
more or less unknown characteristics except in a general way. 
There are few, if any, manufacturers who avail themselves 
of the modern methods of properly determining the size motor 
to be used with a complete machinery unit of their manufac- 
ture. Unfortunately, motors are usually supplied to the 
machinery manufacturers by sub-contractors specializing on 
motors. The machinery manufacturers, being inherently 
mechanically inclined, are usually inexperienced in the charac- 
teristics and limitations of the electrical end. Motors, as we 
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know, will continue to pull the load many times beyond their 
rating, the limit being only excessive sparking and over-heating 
analogous somewhat to a good draft horse, whereas an average 
mule, steam engine, gas engine, or turbine, will gracefully slow 
down and stop when the prescribed overload is reached. 


SELECTION OF PROPER CLASS OF MOTOR. 
(Intermittent or Continuous Duty). 


The selection of the proper class of motor in regard to 
whether it is to be for intermittent duty or constant duty, is 
of considerable importance. Under the present scheme of 
specifications, the rating (horsepower) of the motors is limited 
only by the maximum temperature rises specified for full load. 
The present specifications for Navy motors do not specifically 
classify motors as “intermittent” or “continuous” duty. This 
classification is inferred only by noting the extent in hours of 
the full load acceptance test. On such motors as windlass, 
turret turning, boat crane, deck winch, machine tool, and turret 
ammunition hoist, the rating is based on one hour full load. 
On such motors as steering gear, broadside ammunition hoists, 
galley appliances, and laundry machinery, the rating is based 
on two hours full load. The foregoing two groups of motors 
are therefore classed as intermittent duty for the reason that 
if the full load were to be continued to four, six or eight hours, 
the maximum allowable temperature rises would be exceeded 
and the motors would fall considerably below the horsepower 
rating. On such motors as for pumps, ventilating sets, refrig- 
erating machines, air compressors, motor generators, and 
engine turning, the rating is based on six or eight hours full 
load. The foregoing groups of motors are therefore classed 
as continuous duty, as, under the load requirements, the maxi- 
mum temperatures are reached on test and the motors are 
assumed to be capable of running at full load indefinitely 
without further increase in temperature. As all standard Navy 
motors are now definitely classified under the test specifications, 
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there remains only the problem to see that the operation on 
shipboard complies with the limitations set by the specifications. 
The continuous duty motors are not likely to exceed the allow- 
able safe temperature after installation, due to the fact that 
they are designed to carry the load indefinitely. The intermit- 
tent duty motors, however, are not so “fool-proof” in this 
respect. On account of the many types and classes of motors 
on shipboard, it is difficult for the personnel to bear in mind 
that a particular motor is limited in its full load capacity to 
one or two hours, as the case may be. Although it is true 
that test requirements are selected so that the motor for the 
particular service will not normally be required to exceed the 
time limit fixed for full load, nevertheless, due to the great 
variation of conditions between different ships, intermittent 
duty motors are frequently taxed beyond their designed rating. 
As an improvement on existing conditions, it is desirable that 
the manufacturers of the motors attach a special name plate 
in a conspicuous location and in bold type, one of the following 
large legends “FOR CONTINUOUS DUTY,” “FOR ONE 
HOUR FULL-LOAD DUTY,” “FOR TWO HOUR FULL- 
LOAD DUTY.” In addition, ship personnel should at peri- 
odic times make a report to the Bureau concerned, as to 
whether in their estimation of the work performed, the various 
motors are normally in excess of the allowed time ratings. By 
tabulation of these reports from all ships, consideration could 
be given to increasing the test requirements on the next revi- 
sion of specifications. Before passing from this phase of the 
subject, it is of interest to mention that, if the time limit is 
raised on a certain class of motor, although the horsepower 
rating remains the same, the manufacturer is forced to increase 
the motor dimensions. While this increases the cost and space 
requirements, it has ai: important advantage to the Navy in so 
far that the bearings, shaft, commutator, armature, and all 
related parts will be larger and more rugged, and the Navy 
obtains mechanically a much sturdier motor. 











NAVY DIRECT CURRENT MOTORS. 


SELECTION OF THE PROPER SPEED. 


The selection of the rated full-load speed of the motor is a 
factor which has great bearing on the cost, life, size, and 
weight of the motor. From a mechanical standpoint, an 
increase in speed of the shaft will increase the horsepower 
output in the same proportion, since R.P.M. is a direct factor 
in the horsepower formula. Conversely therefore, for the 
same horsepower, increase in speed will decrease the mechan- 
ical requirements of the shaft and bearings proportionally. 
From an electrical standpoint, the increase in speed decreases 
the field flux requirements proportionally, resulting in smaller 
field windings and magnetic circuit. In addition, there 
is an increased amount of heat radiation from the current 
carrying parts, due to increased windage. This allows the 
parts to be designed with higher current densities, resulting in 

decrease in weight and size of motor. It would appear from 
the foregoing that the higher the speed of the motor, the more 
desirable it would be. From the standpoint of weight, size, 
and cost this is true. The only factors to be taken into con- 
sideration by the user in specifying the maximum speed com- 
mercially possible, is the perfectness of the mechanical balance 
of the rotating parts, the absence of objectional. high period 
noises from commutator or from air friction, the limitation 
of commutation based on the maximum practical commutator 
peripheral speed, the limitations of speed’ of direct driven 
machinery to which the motor is to be attached, and the limita- 
tion of bearing troubles on belt, chain, or gear driven machin- 
ery which exerts side pull or side thrust on the reduced size 
of shaft of high speed motors. For gear driven machinery, 
the possibilities of high speed motors appear to be the most 
promising field for exploration. At present the selection of 
the motor speed is in some cases a function of the Naval 
authorities, but in most cases, it is a function of the manufac- 
turers of the machinery unit. As the successful operation due 














NAVY DIRECT CURRENT MOTORS. Iol 


to the speed factor is dependent on the skill of the manufac- 
turer, it is difficult to approve in advance of test, the speed 
rating of the motor proposed by the manufacturer. As the 
Navy procedure is to approve the plans before start of manu- 
facture, and as there exists no standard motor speeds, it is not 
to be wondered that there exist many varieties of speed ratings 
on motors in the Navy. 


SELECTION. OF THE PROPER TYPE. 


The selection of the proper type of motor with reference to 
the field winding, is not always clearly understood. There are 
at present only three general types of motors recognized and 
specified: viz., shunt, series, and compound. Although there 
would be practically no difference in the full toad characteris- 
tics of the three types of motors, there is a wide difference in 
starting torque and speed characteristics at various loads. In 
order to illustrate the various possible combinations of the 
three types of motors, which must be recognized in order to 
fully cover the problem of proper selection, the following 
schematic diagrams are illustrative of the practical hook-up 
of the fields in relation to the armature circuit. See Figures 
6, 7, 8, 9, 10, 11 and 12. 

Variable resistance may be inserted in series with shunt field 
or in series with armature to obtain speed control. Also, com- 
pound motors may be accumulative or differential, depending 
on whether series and shunt fields assist or oppose one another. 
Although the schematic diagrams will be found useful for the 
purpose of identifying the exact type of motor on hand during 
inspection or after installation, it is not necessary, when select- 
ing the type of motor, to bear in mind other than the three 
general types; viz., shunt, series, or compound. Motors 
equipped with interpoles need not be definitely specified, pro- 
viding rigid requirements as to commutation, as outlined in a 
subsequent paragraph on Interpole Motors is adhered to. 
Interpole Shunts, not being a desirable feature of a new motor 
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as also explained under Interpole Motors, need not be consid- 
ered when specifying types of motor. “Short shunt” motors 
are not ordinarily ever considered, as “long shunt” motors 
will invariably be furnished unless otherwise specified. In 
selecting the proper type of motor, a study of the no-load, 
full-load, and overload speed characteristics is necessary in 
order to coordinate the motor speed and the machinery. Refer- 
ence to Figures 13, 14 and 15 will show the general speed-load 
characteristics of shunt, series, and compound motors. 

Before selecting the type motor based on speed characteris- 
tics, it should be borne in mind that the starting torque of 
the different type of motors varies greatly. The series motor 
has the maximum possible starting torque, the high percentage 
compound motor is next, the low percentage compound motor 
is third, and the shunt motor has the lowest starting torque. 

Due to the very favorable light load speed characteristic 
and fair starting torque, the shunt motor should be selected 
for service where there is no unusual friction load and where 
the duty load is very light at starting speeds, such as venti- 
lating sets, motor-generators, oil-purifiers, small centrifugal 
pumps, machine tools, etc. 

- Series motors, due to the very high light load speed charac- 
teristics, are seldom, if ever, required for Naval use. This 
type of motor is suitable only when the duty load is very high 
at very low speeds, is continuously connected while motor is 
in use, and where the motor control is normally under the hand 
of the operator. It is important that the duty load, at increas- 
ing speeds, is at all times on the increase, such as on electric 
traction cars. 

Compound motors should be selected where a large starting 
torque is required and where it is desired to limit the light load 
speeds to a safe amount: In every instance the degree of com- 
pounding should be specified by the designer. This can be 
specified by stating the ratio of series field full load ampére 

turns to shunt field ampére turns, or by stating the speeds to 
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be obtained at no load and at full load. Classes of service 
suitable for compound motors are: steering gears, windlasses, 
hoists, engine turning, boat cranes, anchor hoists, large 
centrifugal pumps, etc. 


STARTING TORQUES. 


The characteristic starting torque of series, compound, 
shunt, and differential compound motors, is shown in Figure 
16, in which it is assumed that the armature is ‘blocked from 
turning and the first point in starting is at full load rating in 
ampéres. It will be noted that for series and compound, the 
maximum points are reached when the fields are saturated. 
In the shunt motor, when the armature current becomes strong 
enough to demagnetize the fields, the torque becomes zero. 
It will be noted that the torque of the differential compound 
motor rapidly dies out at small overload, due to the reversing 
action of the series field. 


DIFFERENTIAL COMPOUND MOTORS. 


Only a few of this type of motor have appeared in Naval 
service, but, owing to the frequent suggestions made as to the 
possible use of the differential compound motor as a constant 
speed motor, it is considered that.the characteristics and lim- 
itations of this type are perhaps not clearly understood. As 
shown under the characteristic speed curve of shunt motors, 
Figure 13; the speed falls off, due to load and may in amount 
be as high as 20 per cent. In order to automatically compen- 
sate for this,.a series winding is placed on the main field in 
the reverse direction and in amount sufficient to increase the 
full load speed equal to the no load speed. This condition is 
obtained due to weakening the field strength of the motor. As 
the effect of the series turns is proportional to the load, the 
speed characteristic of the motor can be made practically flat 
from no load to full load. This characteristic would appear to 
make this type of motor ideal for practically all purposes. The 
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advantages, however, are entirely off-set, except for very 
special purposes, by the very low starting torque and the 
unstableness at overloads. In addition, there is a gradual 
weakening of the shunt field due to heating, and the straight 
line speed features can be obtained only at the temperature at 
which the series field compensation is designed. The low 
starting torque of this type of motor is caused by the reversed 
field produced by the series winding. On motors requiring 
very high starting torque due to the duty load, the series field 
being in the reversed direction, may be sufficiently strong to 
entirely neutralize the shunt field and the motor will then have 
no torque. Carried still further, the series field may predomi- 
nate and turn the armature over in the reversed -direction as 
a series motor. On overloads the series field will again tend 
to neutralize the shunt field and the motor will at some point 
become unstable, as will every motor with a weak field, and 
tend to “build up” its speed until destruction takes place or 
until the excessive current opens the circuit. The usual speed 
characteristics of a differential compound motor are shown 
in Figure 17. 


HEATING EFFECT ON SPEED. 


All Navy motors are rated for speed at the end of the full 
load run when the motors are at their maximum test tempera- 
ture. The allowable increase in speed due to heating is limited 
by the specifications to 15 per cent for enclosed motors and to 
10 per cent for all other motors. When selecting the operating 
speed of a motor for a specific purpose, it is important to bear 
in mind the leeway allowed by the specifications and due allow- 
ance should be made for the motor being 10 or 15 per cent 
slower at full load cold than at full load hot. This factor is 
of importance on centrifugal pumps and blowers where the 
power required increases with the cube of the speed. The 
effect of heating on shunt motors usually resolves itself into 
two evils; viz., the output of the pump or blower will be under 
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capacity when the motor is cold, or, the motor will be over- 
loaded when hot. On series motors the heating has practically 
no effect, while on compound motors the effect of heating is 
a combination of the series and shunt effect. In other words, 
it is possible to get changes in speed, due to heating, anywhere 
from a small effect to a large effect, depending on the amount 
of compounding. 

It is of utmost importance on large centrifugal pumps, that 
compound motors be used in place of shunt motors. This is 
due to the fact that shunt motors have a rising speed charac- 
teristic caused by heating of the shunt fields. On large motors 
where the factory acceptance test and speed rating are based 
on not more than eight hours, it will be found that the maxi- 
mum temperature of the motor at a fixed load may not be 
reached for 15 or 20 hours. On a centrifugal pump in which 
the load is increasing with the increased speed of the motor, 
the effect is accumulative to a serious degree. This conclusion 
was well illustrated in the case of a shunt motor for a cen- 
trifugal drainage pump for a battleship, which passed the 
8 hour factory test within the limits of heating and speed 
rating. On the acceptance test of the ship, a 48 hour full 
speed and full load test was required. The accumulative heat- 
ing was effective to such an extent that the motor was finally 
rejected and replaced by one with a larger frame size and with 
sufficient series field winding added to give a drooping speed 
characteristic. This combination automatically stabilized the 
tendency to speed up and to load up the motor. To give proper 
results, it will be appreciated that a careful study is required 
of the motor and pump characteristics so that the proper pro- 
portion of series field is obtained. For motor manufacturers 
who have had experience in the problem, a new class of motor 
has been evolved which is listed as a “centrifugal pump motor.” 

The following curves illustrate the usual characteristics of 
shunt and series motors. The first series of curves, Figures 
18 and 19, based on armature current, would be evolved only 
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under a test condition where the duty load and current are 
adjustable. The second series of curves, Figures 20 and 21, 
represent actual service conditions where the duty load auto- 
matically increases, due to increase in speed caused by heating 
of motor. 


INTERPOLE MOTORS 


The use of interpole motors, although not specifically 
required by the standard specifications, is rapidly becoming 
the rule rather than the exception. It is believed that if the 
requirement for perfect commutation were to be rigidly 
enforced at all loads from no load to overloads, the manufac- 
turers would of necessity be forced to use interpole motors 
for every class of service. For plain shunt motors which have 
to operate in either direction at will, the brushes must be set 
on the no load or mechanical neutral in order that the same 
speed characteristics may be obtained in either direction. As 
the electrical neutral point for the brushes gradually shifts 
counter to the direction of rotation due to the effect of the 
armature current on the field flux, it is evident that if set at 
the no load neutral, poor commutation will result at full load 
or overload in either direction. If a plain shunt motor is to 
operate in one direction only, the brushes are usually set so 
that the best commutation is obtained at full load or at some 
other pre-determined load where the motor most frequently 
operates. The commutation at any other load must necessarily 
be faulty and it is only by use of the interpole construction 
that good commutation can be obtained at all loads or in either 
direction. ° 

It frequently happens that, although motors may be equipped 
with interpoles, that they are not properly adjusted or com- 
pensated to give the required re-action. Interpole windings are 
always in series with the armature current and the re-actions 
are therefore proportional at all loads if properly compensated 
at any load. In order to check the correctness of adjustment 
on important motors, it is best not to rely entirely on observa- 
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tion of the commutation. The exact condition of the interpole 
effect can be readily determined by reference to the following 
scheme of test shown in Figure 22. 

At full load, normal speed, readings of potential are taken 
from the brush holder to four equi-distant points on the com- 
mutator directly under the brush at the heel, toe and two inter- 
mediate points. When the potential decreases from heel to 
the toe (Curve A), the commutating pole field is too strong 
or over-compensated. When the potential increases (Curve 
C), the commutating pole field is too weak or under compen- 
sated. The commutating pole field should be so adjusted that 
at normal load it will be slightly over-compensated (Curve B), 
as this will take care of the saturation of the commutating 
poles at the maximum loads. Perfect brush contact is required 
for this test, as otherwise greatly distorted and changing 
characteristics will result. 

When the interpole strength is found to be too strong to 
give the desired characteristics, it can be reduced by one of 
four methods: 

(a) Remove some of the turns of wire from around the 
poles. 

(b) Shunt a portion of the current by means of a suitably 
low external resistance. 

(c) Remove some of the shims from behind the pole piece, 
if such are used on the motor. 

(d) Increase the air gap between the poles and the armature 
by boring out the complete set of interpoles to an increased 
diameter. 


It is not desirable to use interpole shunts except as a tem- 
porary expedient on account of the extra connections involved 
and the space required in order to keep down the temperature 
of this device. The use of an interpole shunt is evidence of 
lack of fineness in design or adjustment on the manufacturer’s 
part. It is far better to design the interpole field slightly under 
the required strength and then increase its effective strength 
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by trial, by means of soft iron shims placed in behind the pole 
pieces. If interpole shunts have to be used, they should be 
inductive, as otherwise the rapid changing current would pass 
through the shunt instead of the interpole and cause sparking. 
Wind the shunt on an iron core so that the ratio of shunt 
reactance to interpole reactance equals the ratio of resistance. 

It would seem at first thought, that it would be the simplest 
method, to increase or decrease the number of turns on the 
interpole winding. However, due to the fact that the entire 
armature current is used for the interpole excitation, the wind- 
ings have but few turns, and, usually on large motors, the 
turns are made of bar copper, air insulated. It is not only 
impracticable to remove or add to these turns on most motors 
after once being manufactured, but, in most cases, the addition 
or elimination of one whole turn will produce more effect than 
is required for the adjustment. On factory acceptance tests, 
it is therefore customary to insist that increase in interpole 
adjustment be made with shims, and decrease be made by 
increasing the air gap. 


REVERSING ROTATION. 


When it becomes necessary to reverse the direction of rota- 
tion after delivery, it is desirable to bear in mind that it can 
be done by reversing connections on either the shunt field or 
the armature but not both. On shunt or compound interpole 
motors, the interpole must be considered part of the armature 
circuit, and the series field as part of the shunt field circuit. 
After reversing the direction of rotation it becomes necessary 
to check up the position of the brushes in accordance with the 
following paragraph. 


SETTING OF THE BRUSHES. 


Brushes on interpole motors are set on the mechanical (or 
no load) neutral commutating point which is directly under 
the interpole. These motors are therefore reversible without 
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changing the position of the brushes. Shunt or compound 
motors without interpoles usually have their brushes set on 
the electrical full load neutral, and, if the motors are reversed, 
the brushes should be shifted away from the mechanical neutral 
reverse to the direction of rotation. The mechanical (or no 
load) neutral in all cases is midway between main field poles. 
Due to the pitch of the armature winding, the brushes them- 
selves are not necessarily in line with the midway position when 
on the mechanical neutral. Reference should always be made 
to the armature slot corresponding to its commutator bar 
when determining this position, which can readily be done 
with the armature at rest. Figures 23, 24, 25, and 26 will 
show the relative polarity of the main and interpole fields, the 
rotation and position of the brushes for the two general classes 
of motors; viz., interpole and non-interpole. 

If it becomes necessary to set the brushes accurately on the 
mechanical or no load neutral, it can be done electrically by 
what is termed the “kick” method. This method is based on 
the fact that when the field circuit of any direct current machine 
at rest is opened, an induced voltage is generated in the arma- 
ture windings. In case the brushes are in the exact neutral 
position, ‘the voltage so generated in corresponding positions 
of the winding will neutralize each other and a low reading 
voltmeter connected across brush arms of opposite polarities 
will show no deflection or kick. If any deflection is noted, it 
is evident that the brushes are not on neutral and the rocker 
arm should be moved to such a position as will give no kick. 
To carry out this test, first set the brushes as close as possible 
to the mechanical neutral, then raise all brushes and insert 
on each arm one special brush whose face has been bevelled 
to practically a knife edge. Separately excite the motor shunt 
fields with moderated excitation and control by a knife switch. 
Connect a D. C. voltmeter of 1.5 or 15 volt range across adja- 
cent brush arms. Break the field current slowly at first and 
observe the kick on the voltmeter. Shift the rocker arm and 
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increase the sharpness of break in the current until the volt- 
meter shows no kick on the low scale when the current in the 
main field is either opened or closed. This test is done, of 
course, with no current on the armature and the motor at rest. 


FACTORS OF MOTOR DIMENSIONS AND WEIGHT. 


Where space or weight requirements become of sufficient 
importance to affect the choice of types of motors, it should 
be noted that the following factors produce the smallest dimen- 
sion and weight of motor: High voltage, high speed, open 
type, intermittent duty. Conversely, the following factors 
produce large dimensions and the heaviest motors: Low 
voltage, low speed, enclosed type, continuous duty. The factor 
of voltage is to be considered when there is a choice of 120 
or 230 volt supply on three wire power system. 


SHUNT MOTORS WITH RISING SPEED CHARACTERISTICS. 


Shunt motors having a full load or overload speed greater 
than no load speed are not acceptable in the Navy. This is 
for the reason that rising speed characteristics indicate unsta- 
bleness, which in high overloads would tend to make the motor 
run away or cause excessive sparking and flashing at the com- 
mutator, due to abnormal current. This condition is due to 
improper design of the motor in which the de-magnetizing 
effect of the armature current seriously affects the shunt field 
magnetization, starting at the no load condition and gradually 
increasing to a dangerous amount at overloads. The charac- 
teristic of this condition is greatly similar to the differential 
compound motor as shown in Figure 27. 


SHORT CONNECTED COMPOUND MOTORS. 


This form of connection as shown in Figure 9, although 
rarely used, is nevertheless of interest and possible use in 
instances where it is desired to increase the full load speed of 
a compound motor to a higher value than rated. Due to the 
fact that the shunt field is not connected across the line voltage 
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but at a point where the voltage is less than line voltage by 
amount equal to the drop across the series field, the motor will 
run at a higher speed throughout the working range, similar 
to a weakened field motor. The amount of the increased speed 
will be proportional to the amount of series field on the motor. 
The starting torque under this condition will be somewhat 
reduced due to the reduced shunt field strength. The charac- 
teristic speed curve of this type of motor is shown in Figure 28. 


SELECTION OF STYLE. 
(Open, semi-enclosed, or enclosed). 


Considerable experience with the operating conditions and 
location where used, is required to properly select the type 
motor best suited for the service. As open type motors, due 
to their more rapid dissipation of heat, are lighter in weight 
and less costly. Due to this fact and also to the fact that no 
enclosing covers are required, it is desirable to use the open 
type motor wherever practicable. Semi-enclosed motors have 
no specific requirements as to how they shall be enclosed, but 
it is usual to have removable perforated covers over the open- 
ings to the armature to prevent mechanical injury to the mov- 
ing parts from external sources. Enclosed watertight motors 
are required for all installations where exposed to weather or 
water, and in all locations where powder is handled. Due to 
the difficulty in maintaining watertight joints at the hand hole 
openings and watertight packing around the shaft, these motors 
are not required to be strictly watertight, but only tight to a 
degree to resist a stream of water from a hose under a specified 
test condition. Submersible watertight motors are compara- 
tively a new type which are used as wrecking pump motors. 
These motors are required to operate entirely submerged with- 
out developing any electrical troubles. Dust-tight enclosed 
motors are not required to be watertight, but must be capable 
of excluding dust of any nature. In this type of motor, felt 
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or similar material is used for packing under the enclosing 
covers. Enclosed ventilated motors are permitted only when 
specifically approved. This type is similar to watertight motors 
except that an external blower is required, connected up to an 
opening in the motor frame, so that a stream of cooling air 
may be forced over the windings. The heated air is then dis- 
charged through another opening located in such a position 
that no water may fall directly on the motor. 


BRUSHES AND BRUSH HOLDERS. 


All motors should have multiple brushes per stud, regardless 
of the correctness of design based on current carrying capacity. 
Multiple brushes mean a multiple number of contacts with the 
commutator so that vibrations of adjacent machinery, rough- 
ness of commutator, sticky or poorly ground brushes, will not 
result in serious sparking and retarded speed. -This is impor- 
tant on motors having only one negative and one positive 
brush stud, since the mechanical raising of either brush, where 
there is only one brush per stud, would produce an arc at line 
volts. With multiple brushes, sparking at the commutator is 
at a very low voltage equal to voltage between adjacent bars, 
and is not necessarily serious unless continuous. 

It is now the common practice to stagger the brushes on all 
motors. In other words, the relative position of the brushes 
on the brush studs is so arranged that they do not all follow 
the same path around the commutator and thereby tend to cut 
grooves in the commutator. The present specifications require 
that the brush holders on all motors above 5 horsepower shall 
be so constructed as to permit proper staggering of the brushes. 
It has been the customary practice to stagger the brushes in 
relation to adjacent brush studs; that is, a positive brush would 
be following a path to one side of a negative brush and the 
next negative brush would be following the same path as the 
preceding negative. As most motors tend to pit the commu- 
tator under the negative brush and blacken the commutator 
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under the positive brush, it is good practice to stagger the 
negative brushes in relation to each other, and to stagger the 
positive brushes likewise, thereby reducing the pitting and 
blackening by spreading it over the entire commutator width. 


SPARKING. 


The extent of this factor in motor operation determines the 
life of the commutator and brushes, excluding, of course, the 
mechanical wear due to friction of the brushes on the com- 
mutator. The Navy requirements at present are confined to 
the expression ‘must not be objectionable’ and “shall not be 
such as to cause deterioration or blackening of the commutator 
or brushes.” It is obvious that the personal factor in the 
acceptance test or during operation after installation, is subject 
to wide variation, and for this reason motors of different types 
and manufacture give widely different results, usually to the 
disadvantage of the Navy. Commercial engineers frequently 
use the expression “black commutation.” This means that no 
sparking can be seen and is their standard of acceptance. This 
is obviously a much more severe requirement than the “not 
objectionable” requirement and it is suggested that it be used 
in the acceptance tests of Navy motors. In order for inspectors 
and operators to describe the degree of sparking in instances 
where “black”? commutation is not obtained, it is best to refer 
to a standard chart of sparking similar to Figure 29, in which 
cases the “commutation” is referred to as No. 1 or No. 2. 
The size of the dots on the sketches represents the visibleness 
to the observer, of low temperature sparks of about a cherry- 
red color. The x marks represent high temperature white 
hot sparks which are more destructive to the commutator and 
brushes. The extended dots on No. 6 represent sustained 
incandescence. 

It would seem that if a motor were to be accepted into the 
Service with “black” commutation, that satisfactory operation 
in this respect would be assured. However, there are compli- 
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cations which, if not recognized and properly guarded against, 
may result in poor commutation after a few weeks of operation. 
On newly manufactured motors it is customary to “sand in” 
the brushes to the approximate curvature of the commutator. 
The degree to which this is carried out prior to test is very 
important in determining the commutation factor. No matter 
how carefully the “sanding” operation is performed, it will be 
found, after running the motor for an hour or so, that the 
brushes will show evidence of contact in small section only. 
If the section of contact is toward either the leading or trailing 
side of the brushes, a false commutation point results. This 
condition may temporarily improve a motor which is improp- 
erly set on the electrical neutral, and may likewise cause spark- 
ing of a motor which is properly set. As it takes considerable 
time for the brushes to “wear in” of their own accord, this 
false condition may continue throughout the duration of the 
acceptance tests. In addition to the above conditions, it is 
possible in instances where the wrong grade of brush is 
installed, to have the motor operate within the specified require- 
ment as to heating of the commutator and armature winding, 
just as long as the brushes are only partially “worn in.” After 
“wearing in,” instances have been known where the increase 
in heating melted off the soldered connection from the arma- 
ture winding to the commutator risers. This is due to the 
magnitude of the short circuit currents in the armature coils 
produced by the brushes which, by virtue of their width, are 
in contact with several commutator bars at all times. If the 
contact resistance of the brushes is too low for the purpose, 
the short circuit currents may be low if the brushes are not 
fully “worn in,” but may be excessively high after the brushes 
are “worn in.” 

From the foregoing, it is evident that motors should not be 
tested for final acceptance until the brushes show, by examina- 
tion, that they are practically completely “worn in’ over their 
entire contact area. It is possible to accelerate the “wearing 
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in” period by first “sanding in” the brushes, using extreme 
care that the brush edges are not rounded off in the operation, 
and then running the motor for a short time with maximum 
brush tension; then lift out the individual brushes and scrape 
off, by means of a knife or bearing scraper, the polished spots 
which show contact. Repeat this running and scraping opera- 
tion until the entire surface of all brushes shows satisfactory 
contact. 


BALANCE, ELECTRICAL. 


This determination is rarely, if ever, investigated by inspec- 
tors, and consists of determining whether the armature is 
rotating in the center of the magnetic field. This can be 
checked to a sufficient degree mechanically on unimportant 
motors by measuring the air gap under each pole piece. It is 
then assumed that, if the armature is in the mechanical center, 
the uniformity of material and manufacture would result in 
an electrical balance. The optional method by electrical means 
would be to drive the motor as a generator by belting it to 
another motor. Comparison of voltmeter readings between 
adjacent brush studs at constant excitation would check the 
accuracy of electrical balance. 


BALANCE, MECHANICAL, 


The determination of mechanical balance is of sufficient 
importance to be carried out by modern methods by balancing 
the armatures on an approved balancing machine. Vibration, 
aside from the annoyance caused by ‘its transmittal to sur- 
rounding objects, causes chafing and rapid deterioration of 
the insulation around the conductors in the armature slots, 
and causes also the soldered joints to open between the com- 
mutation risers and the armature coils. Premature wear of 
the bearings and poor commutation also result. At present 
there are no specific requirements other than that the motor 
shall show no “objectionable” vibration at specified maximum 
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speeds. The interpretation of the word “objectionable” is 
left entirely to the discretion of the inspector, with the usual 
results that well balanced motors from a critical standpoint 
are rarely experienced except in the case of very special motors. 

It has been the practice of some manufacturers of small 
armatures, to drive a metal wedge in an armature slot over 
the top of the fiber wedge, to add weight to one side of the 
armature. As the metal wedge makes electrical contact with 
more than one core lamination, which in turn makes contact 
with the shaft, a local current is generated when the armature 
revolves. When more than one wedge is used, an additional 
current is formed through the two wedges. The action is, in 
effect, the same as short-circuited windings on the armature. 
The increase in the heating of the armature, due to the metal 
wedge, may be as high as 100 per cent. Metal wedges there- 
fore should not be permitted, but, in instances where the arma- 
tures are too small to attach weights which will not short 
circuit the laminations, balancing should be done by drilling 
small holes into the laminations on the heavy side of the arma- 
ture. Small local short circuits are produced by the latter 
method, but this effect on heating is negligible. 


NOISE. 


This factor, like mechanical balance, is at present not covered 
by any specific requirement other than that it must not be 
“objectionable.” In a like manner, quiet running motors are 
unusual in the Service, and great improvement in this respect 
is desirable. Noise usually is closely associated with “wear.” 
The usual noise producers on a motor are caused by gritty 
brushes, rough commutator, high mica, improper angle of 
brushes, excessive windage from the armature winding, or 
sharp projecting edges in ventilating windage ducts in core of 
armature. It would seem practicable to apply to every new 
type of motor a specific sound test such as in recent years was 
applied to desk fans formerly objectionably noisy. The method 
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was to make a test in a sound-proof room and to determine 
the distance away from the motor where the sound became 
audible to an inspector with normal hearing. 


BEARINGS. 


The question of the most suitable bearing for motors has 
long been a problem which has not been satisfactorily solved. 
Navy specifications prefer the use of grease lubricated ball or 
roller bearings, and permit the use of oil ring type of sleeve 
bearings. The tendency of modern practice is toward the use 
of ball bearings principally on account of the fact that ball 
bearings will continue to give service for a long time at mod- 
erate speeds without lubricating, and also for the reason that 
the overall length of the motor can be greatly reduced in com- 
parison with sleeve bearings. Unless the favorable and unfa- 
vorable factors which enter into the use of ball or roller bear- 
ings are more clearly understood by the manufacturers and 
users of motors, it is doubtful whether the preference for ball 
or roller bearings will hold over the babbitted or bronze sleeve 
bearing. Ball bearings that are properly made and adjusted 
when running dry or in oil, will have considerably less friction 
losses than any form of sleeve bearing. However, the factors 
that nullify the advantages are as follows: 


(a) Balls not of uniform size. 

(b) Balls or ball races not properly fabricated and hardened. 

(c) Size and number of balls used not correct for the 
bearing load. 

(d) Inner ball race not properly secured to the shaft to 
prevent inner race from revolving with respect to shaft. 

(e) Outer race not properly secured to bearing housing to 
prevent outer race from revolving in bearing housing. 

(f) Grease used to pack the bearing creates high fluid 


friction which causes loss in bearing efficiency and high 
temperature. 
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(g) Grease, if used when cold, may congeal in bearing and, 
after a few revolutions of the bearing, will be thrown aside, 
leaving the path of the balls and ball separators practically dry. 
As ball bearing motors are accepted based on a short factory 
test, and as the specifications cover no specific construction, 
quality, or test, it isto be expected that the performance of 
ball bearings in Navy motors is not such as to entirely eliminate 
the use of sleeve bearings. Sleeve bearings, although not 
limited by the specifications as to diameter and length, are, 
at least, required to be of a definite high grade composition. 
As an improvement on the ball bearing situation, consideration 
should be given to their quality and mechanical construction 
and also to the use of oil for lubrication in place of grease. It 
is believed that the best method of ball bearing lubrication can 
be obtained by designing the bearing with an oil-proof housing 
and an ample size oil well into which the lower part of the 
balls or a wick will dip. A flushing plug should then be pro- 
vided at the top, and a drain plug at the bottom of the oil well, 
so that dirt and metallic particles may be flushed out at periodic 
times. nd 

Large capacity oil wells are desirable on all sleeve bearing 
motors so that metallic particles from the shaft, bearing or oil 
rings, will settle in bottom free from turbulence of the oil. 
Sludge from the oil should have ample room to settle at the 
bottom in case the oil well is not regularly emptied and oil 
renewed. On fully enclosed motors, the sleeve bearing on the 
end opposite the commutator requires special design by the 
manufacturer, and careful observation by the inspector, in 
regard to loss of oil during operation. The rear of the arma- 
ture winding by virtue of its inherent or designed contour, 
is to all intents and purposes the suction end of a blower. A 
partial vacuum is produced around the inboard side of the 
bearing housing which, if not properly safe-guarded by means 
of deflectors, close fitting packing, special air passages, or other 
means, will result in sucking the oil from the oil well, past 
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the shaft and into the motor housing. This condition is aggra- 
vated when the filler oil plug or inspection plate on the bearing 
housing is removed while the armature is revolving. Motors 
have appeared in service where, after short operation, the 
armatures have been completely saturated with lubricating oil. 
In extreme cases, where the operators keep feeding oil into 
the bearing to replace the loss of oil, the lower field coils have 
been known to have been entirely submerged. As a safeguard 
from the above condition, and as a check on the efficiency of 
design, the inspector should conduct the factory test with the 
oil filler plug or cap, and the oil ring inspection plate, removed. 
This condition allows the suction inside the motor to be most 
effective by allowing air to enter, if possible, from the outside. 


NAME PLATES. 


There is required to be attached to every Navy motor, a 
name plate bearing the following data: Name of manufac- 
turer; identification number; manufacturer’s type and class; 
year of manufacture; the type of winding; rated voltage; 
rated full load ampéres; rated horsepower output ; time rating; 
rated revolutions per. minute; the bureau by which ordered; 
purpose for which intended; name of vessel to which assigned ; 
and the official stamp of the inspector. It would appear from | 
the above, that if the motor data were furnished complete as 
indicated, no future trouble would be experienced when 
replacements were required. However, such is not the case 
in actual practice. Most manufacturers provide only thin brass 
name plates with the data lightly stamped in place of the intent 
of the specifications to provide a permanent record of the data. 
It is customary on ships to polish all brass work frequently, 
including all name plates in sight. In a short time the data 
on most name plates is entirely obliterated. There are numer- 
ous instances on comparatively new ships where even the name 
of the manufacturer of the motor cannot be determined by 
the ship’s personnel. The resulting confusion in ordering new 
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parts, which usually begins in three or four years, could readily 
be overcome by proper appreciation of the need for long-lifed 
legible name plates. It is important, therefore, that ships in 
commission where the data is becoming illegible, immediately 
remove the name plate and stamp on the motor frame under 
the name plate the most essential data, such as, the manufac- 
turer’s name, and serial number of the motor. Every effort 
should be made, in the way of improvement of the situation, 
to require heavy cast brass name plates with the data heavily 
etched or heavily stamped thereon. Consideration should also 
be given to duplicating the data on the reversed side of the 
name plate, and also to stamping by the manufacturer, on the 
motor frame under the name plate, the essential identification 
data. 
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SOME FAULTY CONCEPTS IN MECHANICS. 


By ALBert E. Guy, ASSOCIATE MEMBER. 


MECHANICAL AND HypDRAULIC ENGINEER. 


PART I. THE INCLINED PLANE. 


When the solution of a problem in Mechanics is numerically 
correct, and moreover, is rigorously based upon accepted prin- 
ciples and rules, it may seem quite out of place to question 
the rationality of those principles. Obviously, the important 
point is to secure the correct answer, particularly so in prac- 
tical applications. However, if it were realized that we are 
taught ways at variance with the fundamental principles, pur- 
posely, or rather, unwittingly, as a matter of routine, and 
furthermore, that the solutions may be obtained just as easily 
in a truly rational manner as in the way ordinarily taught, it 
would not be difficult to show—and that is the object attempted 
in this paper—the great advantage to be gained, once the 
fundamentals are memorized and fully understood, by applying 
these directly, and exclusively, to the work at hand. 

(1) The Resultant. We are taught that when several forces 
act simultaneously upon one material point or body, the latter 
moves, or tends to move, along the direction of the resultant 
of these forces. Obviously the body moves when there is one 
resultant; it tends to move when there are two resultants 
opposed to one another, having directly opposed directions and 
equal intensities ; thus a body at rest upon a fixed support tends | 
to move downwards. The expression tends to move is rather 
an unhappy one, but it is frequently used to mean that the 
reaction of, a support, which directly equals and opposes the 
resultant of all the other forces, may be accidental or tempo- 
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rary, and that at the moment considered it effectively counter- 
acts the tendency of motion of the body along the direction of 
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the resultant. 

(2) The Components. Inversely, a force may be resolved 
into two or more components. Such a process is of current 
use and affords great facilities for the analysis of the effects 


of forces. 


However, insufficient emphasis has been given to 


the fact that when one force is replaced, for instance, by two 
components, the force itself is supposed removed entirely. 
Thus, when a given force produces the motion of a body, the 
two components must produce exactly the same motion when 
the original force is removed, and it may be wholly incorrect 
to dispense with the service of one of the components under 
the pretext that it is opposed by the reaction of some fixed 
plane, and that the resulting motion is actually produced by 
the remaining component. 

(3) Gravity as a fixed force. In order to dispel any possible 
impression that the present discussion deals merely with sub- 
tilties, it will suffice to analyze a most simple case, that of a 
body of weight W, suspended by a thread from a fixed hori- 
zontal support S, Figure 1. The system being in equilibrium, 
the tension of the thread is a force F; it may be easily mea- 
sured, and its magnitude, neglecting the weight of the thread, 
is found precisely equal to the weight of the body; as applied 
to the body the direction of force F is vertical and upwards. 

Force F may be resolved into any desired number of com- 
ponents. The two requisite conditions being that the applica- 
tion of all the components be simultaneous with the removal 
of force F, and that the position of equilibrium of the body 
‘be absolutely undisturbed. If only two components are 
selected, located in the same vertical plane, Figure 2, the body is 
suspended by two weightless threads W Si, and W Sz, attached 
to the support S at points S: and S:, respectively, and its posi- 
tion is precisely the same as before, that is, at the distance W S 


from the support and on the same vertical passing through 
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point S. Force F does not act any more; it has been replaced 
by forces F:-and F2. In elementary Mechanics we learn that 
the magnitudes of F: and F: may be represented by lines of 
suitable length and such, Figure 3, that F is the diagonal, and 
Fi, F2 adjacent sides of a parallelogram. 

From a rational standpoint a force does not exist alone; to 
be manifested it must act upon something and be resisted by 
another force of equal magnitude and opposed direction, or 
by an opposed equivalent system of forces. In the present case 
the tension of the thread, or force F, equals the weight W of 
the body; this weight is the amount of pull exerted by the 
force of gravity, which is assumed constant for a given location 
on the surface of the earth. 

Here we meet our first faulty concept. Because we are 
taught that a force may be resolved into components, prac- 
tically all authorities deal with gravity as with an ordinary 
force. Thus, in Figure 4, the pull F of the thread sustains 
the force of gravity or weight W of the body; this weight may 
—on paper—be resolved into the two components W: and Ws,’ 
in the usual way. Is this correct? 

A little reflection will show that it is not; for if we reproduce 
conditions similar to those of Figure 2, that is, if after install- 
ing W: and Wz we were to remove W we would have the sys- 
tem shown in Figure 5. This system is correct on paper but 
absolutely unattainable in fact, since we can oppose the force of 
gravity but cannot eradicate it. Therefore we may conclude 
that the weight-force of a body, as referred to the center of 
gravity of that body is not susceptible of resolution into com- 
ponents and must be considered as fixed in a vertical direction, 
or at the end of a radius of practically infinite length. 

(4) Reaction as an active force. Not enough emphasis is 
given to the consideration of the reaction of a support as an 
active force. Thus if a body is constrained to move along a 
support, that is, when the effect of the support is to modify 
the original direction of the motion of the body, the reaction 
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should be considered as a constant force when the path along 
the support is straight, and as a variable one when the path 
is curved. 

(5) Motion along an inclined plane. In Figure 6 the body 
W is again suspended by a thread from the support S. If the 
thread be cut, force F is entirely removed and the body falls 
with an accelerated motion such that in one time unit it reaches 
a point B. This motion is wholly due to the action of the 
gravity force W upon the mass m of the body. Now, let the 
straight sided wedge a bc be slided upon the horizontal plane 
PP:. The body W will be gradually moved from its vertical 
position below S to another one shown in the figure, with the 
plane now at rest, so that the thread is parallel with the inclined 
surface ab. During this displacement it is clear that force F, 
acting along the thread must have undergone a change. A 
force of reaction F has been gradually introduced; it is normal 
to the face of the plane; its prolonged direction would reach 
the upper support at a point S:, and if it were replaced by the 
tension of a thread attached to S:, with the wedge removed the 
system would be precisely alike that shown in Figure 2. A 
parallelogram of forces drawn upon W S and W S; as bases 
would show the present value of the tension on thread W S, 
which now equals F2, obviously very much smaller than F. 

With the wedge in position a b c and thread W S: removed 
the system remains unchanged, except that force Fi is now 
clearly seen as the normal reaction of the plane. Three forces 
act upon the body: F:, F: and W. By cutting thread W S, 
force F: is wholly removed and, under the combined action of 
forces F; and W the body moves downwards along the incline. 
At the end of one time unit it reaches point D.: If the body had 
been allowed to fall freely along a vertical from its position 
on the plane it would have reached point B: in one time unit, 
W B; being equal to W B. If a force F; had acted alone upon 
the body the latter would have reached point A during the 
same time. It is assumed, of course, that motion takes place 
without friction. 


9 
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(6) The object in view here ts to prove. (1) That the 
motion along the plane is produced by the action of the result- 
ant of two forces: F; the reaction of the plane and W the force 
of gravity, and that it takes place in the direction of the result- 
ant; (2) that the motion along the plane is accelerated; (3) 
that the motion normal to the plane, that is, along W A, is 
accelerated and, consequently, that the reaction force Fi is a 
real acting and incessant force (for a given set of conditions, 
as. in the present case), hence an accelerating force; (4) finally, 
that the quality of the reaction force F: depends upon that of 
force W, that is, if W is an accelerating force, like gravity, F: 
will be accelerating, if W is a constant force or pull moving at 
a uniform rate, F: will be likewise, constant and uniform. 

At the start and in a state of equilibrium, with Fi, F2 and W 
acting upon the body, these three forces are constant. They 
would be found constant at any point along the path W D, 
hence, and particularly so since W is a positively known accel- 
erating force, the other two must be accelerating also. Galileo 
demonstrated experimentally that the two paths W D and W B, 
were traveled in exactly the same time by two bodies, one 
falling freely from W to Bu, and the other sliding freely upon 
the inclined plane, B:D being perpendicular to W D. 

With W A perpendicular to W D and A.D parallel to W Bi, 
the figure A WB:D is a travel parallelogram; W D is the 
resultant of the two forces F: and W acting upon the body. 
It is perfectly clear—and almost unnecessary to mention—that 
the body could reach the point D in two units of time, by first 
moving from W to A in one unit, through the action of F:, 
and in the second unit from A to D, through the action of W; 
consequently through the simultaneous action of Fi and W 
the body travels from W to D in one time unit. The first three 
points enunciated above are therefore proven. The correctness 
of the fourth is so evident that it would be an imposition to 
write down the proof of it. 
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(7) The usual way. A body W upon the inclined plane A B, 
Figure 7, is attracted downwards by its weight, the gravita- 
tional force P. This force may be resolved into two com- 
ponents, one C,; parallel to the plane, and another Cz normal 
to the plane. C2 is directly opposed by a force of ‘reaction r 
and therefore ceases to be considered in the case of the smooth, 
frictionless plane. It is then usually said to vanish, to be 
destroyed by the reaction of the plane. Motion of the body is 
produced by the action of the remaining free component Ci. 
Since P was an incessant force its two components must like- 
wise be incessant forces, and as an incessant, or constantly 
acting force produces an accelerated motion, therefore the body 
will move on the surface of the plane with an accelerated 
motion proportional to the intensity of Ci. Of course Ci is 
but the projection of P upon the inclined plane, just as in 
Figure 6, Fz was the projection of F, and assuming F and P 
equal, for the same plane inclination Fz equals Cz. The result 
is the same numerically in both cases, but in the first the body 
is seen to move along the resultant, which is in accordance with 
the principles of Mechanics, whereas in the second the body 
is made to move along a component, which is illogical. 

(8) Conclusions. It is unnecessary to prolong a tedious 
discussion in order to prove that the demonstration applies as 
well to other forces than gravity, acting at any angle in space. 
Following the rational method has been invaluable to the 
writer in many tasks, such as the delineation of turbine buckets, 
centrifugal pump impellers and screw propellers. 


PART II. CENTRIPETAL ACCELERATIONS. 


There is, of course, no pressing need for a demonstration 
of the value of the centripetal acceleration, and particularly so 
in the case of a uniform circular motion of a particle. The 
formula at hand is correct and universally used in numberless 
applications. From the point of view of the student, however, 
the demonstration presented here may prove of interest because 
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of its novelty and also because it will be shown that those given 
in most treatises on Mechanics are founded on hypotheses, 
and approximations quite unsuited for the geometrical stand- 
ard requisite for such an important question. 

The true value of the centrifugal force was determined by 
Huyghens, (1629-1695), and many attempts have been made 
since his time to improve on his demonstration. The necessity 
for such efforts was undoubtedly the difficulty to explain satis- 
factorily that the force, which could so easily be brought into 
evidence, had no effect in modifying the velocity of rotation. 

A material body of mass m is connected to a center O by 
means of a weightless thread of fixed length R, and is con- 
strained to move along a circular path of radius R ai a uniform 
velocity v. The inertia of the body causes a pull, the centrif- 
ugal force, to be exerted radially upon the center O. With the 
thread cut, the body would move in a straight line direction, 
tangentially to the circle originally described. The question 
was to determine the value of this force, and the following 
demonstration is based on that furnished by Huyghens. Let 
AB, Figure 8, represent the space travelled in a straight line, 
and during a very small time element t, at the velocity v. Let 
BC be the space travelled by the body under the pull of the 
constraining force acting along and during time ¢. With those 
two motions occurring simultaneously the path described by 
the body would be A C. 

Since, from observation, it is found that the circular motion 
is uniform, then AC =vt and must equal AB. It should 
also be noted that the centrifugal force should be acting 
in a radial direction at C, therefore B C could not be parallel 
to AO. In order to overcome these difficulties the following 
hypotheses have been established : 


(a) AB is a very small quantity; 
(b) Angle B A C is likewise very small; 


(c) BC is parallel to AO, and consequently the figure 
A BC Disa rectangle; 
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(d) It follows also that the diagonal A C must be a straight 
line and longer than the side A B, but the difference is con- 
veniently considered as a quantity of the second order and 
therefore negligible in this case. 


Without these assumptions the solution is apparently impos- 
sible; with them it is very easy to obtain. Joining C to the 
other end E of the diameter, the rectangular triangle AC E 
is then formed. Angles AEC and ACD are equal and we 


Sail 
, ; » AC» AE AC 
may write the proportion —— = ——, whence A D = ——. 
y one AD AC ™ AE 
But A E = 2R, consequently: space travelled by body during 
aed 
time ¢ under action of centripetal acceleration = A D = ay 
sae * 
lp 
2R : 
Calling v: the acceleration along A D, the space A D = i 
pet £ : 
vt v 
= ——, whenc = —. 
2R iia R 


The centrifugal force F, = a 


HODOGRAPHIC DEMONSTRATION. 


Some authors prefer applying the hodograph directly to the 
problem, little realizing that such an instrument furnishes an 
illustration of the result, a graphic sketch, rather than a key 
to the solution. The following is taken from the Encyclopedia 
Britannica, and is quite typical: 

“For uniform circular motion the hodograph is also a circle. 
In this case it may be useful to show how the conception of 
the hodograph leads easily to the ordinary expression for the 
so-called centrifugal force. 
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“Let P, Figure 9, describe the circumference P PiP2 with 
uniform velocity v, and from the center O draw OT, OT, 
O Tz, etc., equal to each other and to v, and parallel to the 
tangents at P, P,, P2, respectively, then T, T:, Tz is the hodo- 
graph circle. Also let a equal the acceleration of P, which also 
equals the velocity of T; then, since T describes the hodograph 
uniformly in the same time that P describes the orbit, we have 


2 
° = —~ = ‘whence a = It is evident that the tangent at 
¢° OF "9 Yr 


T is parallel to P O, the direction of acceleration at P. 
The above is a splendid illustration of the common saying 
that “Where there is a will there is a way.” 


EXPLAINING THE LOSS OF VELOCITY. 


Study of the old treatises allows one to realize the efforts 
spent on explanations of the reason for the constancy of the 
velocity of rotation, in spite of the constancy of the radial 
acceleration. Thus,. Courtenay’s Mechanics, taught at West 
Point some ninety years ago, following closely Poisson, Navier, 
Gregory, etc., discusses at length the “motion of a material 
point compelled to describe a particular curve.” 

If the plane curve, Figure 10, is regarded as a polygon 
ABCD, etc., having an infinite number of sides, c B b = o is 
the angle of contact; B b is the velocity v which the body had 
after following the direction A B, and upon reaching the point 
B. At that point the course of the body is deflected in the 
direction B C; by this deflection a loss of velocity results which 
will now be estimated. For this purpose resolve B b = v into 
two components Ba and B d, respectively normal and parallel 
to side BC. The component Ba = v sino being destroyed by 
the resistance of the polygon, velocity v will be reduced to 
Bd =vcos ©; consequently the velocity lost will be v — v cos » 
= v(1— cos). 

When the polygon is supposed to become a curve, the angle 
c Bb becomes infinitely small and the quantity v(1 — cos ) 
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is at the same time an infinitely small quantity of the second 
order * * * Thus the velocity lost at each side of the 
polygon being an infinitely small quantity of the second order, 
it may be neglected, since the sum of these velocities, although 
infinite in number, will constitute but an infinitely small quan- 
tity of the first order, which may be neglected in comparison 
with the original velocity v. Hence, we conclude that a mate- 
rial point which is compelled to describe a curve, preserves 
undiminished the velocity which was originally communicated 
to it. 

To this Poisson adds that this result is due solely to the 
fact that the angle of contact is infinitely small, for in case of 
a path composed of two curves intersecting at a finite angle, 
the body would suffer a finite loss of velocity while passing 
from one curve to the other, which would be expressed: by 
v(1—cose). 

Remark. This reasoning is not convincing; if there is the 
least loss of velocity it is bound to be cumulative, and to exist 
whether the body moves upon a perfectly rigid and frictionless 
circular tract, or whether it is attached to one end of a rigid 
thin cord, the other end being fixed to a frictionless pivot. 
There being no frictional work done either on the pivot or 
against the ambient medium, the only possible loss of velocity 
would be due to the constant forced change of direction of 
the body. However small this loss might be per fraction of 
turn or per turn, it would certainly accumulate, so that eventu- 
ally a perceptible slowing down of the rotary motion would 
occur ; therefore it would be merely a question of time for the 
system to come to rest. 

If such a loss of velocity were possible there would be a 
transformation of the kinetic energy originally possessed by 
the body into some other form. In the case of such an ideal, 
frictionless, smooth circular motion, there can be no loss of 
velocity because nothing outside of this simple system can 
benefit by that loss. 
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PRODUCTION OF THE CENTRIPETAL ACCELERATION. 


The body moving along AB with a uniform velocity v 
arrives at B, Figure 11, and after a small element of time ¢ 
reaches point C. Assume now that during the travel from B 
to C a constant force f., normal to B C, has been at work upon 
the body. As a result the path has been deflected from A B 
to BD. BD is actually a curve and will be so considered 
further on, but for the instant, however, it may be accepted as 
a straight line. Drawing B D:= BD, it is seen that the path 
actually followed is greater by an amount C D; than that BD 
produced with uniform velocity v. This was expected, of 
course, since the action of the outside force fe could but 
increase the original velocity of the body. 

But, in the case of the simple system treated before, that of 
the body attached to the end of a radial cord, the action of fe 
is manifested only through the centrifugal pull upon the pivot ; 
this force is included, developed, within the system. The 
original and constant energy possessed by the moving body 
is the source from which is drawn incessantly the accelerating 
power; this latter, in return, combines incessantly with the 
remainder of the original energy, and this combination forms 
the resultant energy, always equal to the original. 

A general idea of this process may be had thus: in Figure 
12, BC=BC,=vt; CD as before, is the space described by 
the body through the action of f-; B Di= BD; if BC is dimin- 
ished of the amount E C, such that the space B E in combina- 
tion with space E C; described by the normal force fe, produces 
the resultant space BC:.= BC = vt, then it can be admitted 
that the lost amount EC has been merely diverted and used 
to produce the component EC:. Consequently the circular 
velocity is kept constant through an incessant transformation 
of the energy originally possessed by the body, and which will 
remain whole unless affected by frictional losses, or through 
work communicated to parts foreign to the initial system. 
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NEW DEMONSTRATION OF THE CENTRIPETAL ACCELERATION. 


A material point, or body, of mass m, is constrained to fol- 
low a frictionless circular path ABD, of radius R, at a um- 
form velocity v, the action of gravity and the resistance of the 
air being omitted, the problem is to determine at any point of 
the path and at any distance from B, taken as origin, the cen- 
trifugal acceleration, the centrifugal force, and the virtual path 
of such a force ending at the given point. 

Basic principle. A body moves along the path traced by the 
resultant of all the forces acting upon that body. 

Let D, Figure 13, be the selected point on the circular path 
ABD. The space BD = vt was traveled from the origin B 
at the uniform velocity v and during time t. 

If the body had been freed from centripetal acceleration 
precisely at point B it would have followed the tangential path 
BC, reaching C at end of time t, the velocity v remaining 
5 constant. Therefore BC = BD. Since the body was com- 
7 pelled to follow the path BD, the latter must be a resultant 
a path, one of whose components is the straight path BC; the 
a other component joining C and D is due to the action of the 
centripetal force. The last element of path CD is directed 
radially at D, and is therefore normal to the circular path. 
f When D was at the origin, C and D coincided and the other 
end of the CD path was normal to the tangent BC at B, 
consequently it is still normal at C, and consequently again C D 
must be a curved path; it is obviously an arc of the involute 
of circle A B D, having its origin at D. 

If path B D is a resultant traveled during mt units of time, 
the body could be made to return to the origin B by following 
the two components one after the other. Thus, starting from 
D the path DC should be retraced during time nt at a rate 
depending upon the centripetal acceleration, and then the path 
CB =vnt at the uniform velocity v during time nt. Figure 
14 is a detailed enlargement of Figure 18. The are BD is 
shown divided into six equal parts, the number 6, selected at 
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random, is of course a pure matter of convenience. Each of 
the arcs DE, EF, FG, etc., is described in the same unit of 
time ¢t. At points E, F, G, H, K, B, tangents are drawn. EM 
represents the straight path and ED the curved path, both 
originated at E. Space DM=s would be traveled through 
the action of the centrifugal acceleration. EM is the radius 
of curvature of the arc DM at point M, and it equals E D. 
With the arcs DE, EF, etc., supposed very small, the curve 
DC may be delineated in the usual way by means of a succes- 
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sion of circular arcs drawn with correspondingly increasing 
radii; thus, the first radius would be EM = ED, the second 
F N=2EM, the third GP=3EM, etc. It follows that 
the succeeding arcs on DC would have for length = s, 2s, 3s, 
etc. This condition is that of the travel due to a uniformly 
accelerated motion, the space traveled at the end of each suc- 
cessive time unit being proportional to the number of units 
counted from the origin, or as the sequence 1, 2, 3, 4, etc. 
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From the figure it is clear that the length of any radius of 
curvature equals the product of the radius R by the corre- 
sponding arc; for instance G P = R X arc 38. 

Draw the elementary angle GO G, = d 8, and GP: tangent 
at Gi; the angle P G P; will also equal d8. Then are P P,= 
ds=GPdB=RuBdB [nB is the total arc, counted from 
the origin, equal to 38 in this particular instance; 8 is intended 
to cover any given angle]. 

Therefore ds=RuBdB, and integrating between the 
limits o and nB: 


np 
s-R | nB.dB=R 





(np 

2 

This is the ordinary equation expressing the length of an 
arc of the involute ofa circle. 


Now, Ru 8 = the circular arc traveled at the velocity v in 
nt units of time; hence Run B= vnt=vT (calling T=nt), 


p (m6) oT _ 
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If y is the centrifugal acceleration: “— = ; = ——. 


2 
and finally: centrifugal acceleration y = 3 


ee ‘ m v* 

The centrifugal force is f= my = cx 
Conclusion. The resultant path was traveled in six units of 
time, each of the component paths should be followed in the 
same space of time. Starting from D towards C, DC =S= 
v T? 
2R 
CB=R~X 68, each arc £ being described in one time unit t, 
therefore CB = R X 68 = v X 6t, or CB was described at 


was described in six time units, or 6t; then DB= 





the uniform velocity v during ee 6t. 
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The problem is thus solved without the use of any of the 
convenient “geometrical artifices,’”’ or hypotheses, criticized so 
harshly at the beginning of this discussion. 

The new method exposed here is obviously capable of 
numerous applications. It is peculiar that in pure geometry 
nothing is taken for granted, and a demonstration is not 
accepted unless it is entirely conclusive, without so-called 
hypotheses or approximations, while in Mechanics gross ap- 
proximations are sometimes used in the geometrical prepara- 
tion of a question in order to facilitate the application of the 
methods of the Calculus. While the solutions obtained may 
be quite correct, there is bound to linger in the mind of the 
student the same notion of doubt which was so forcibly 
expressed many years ago by those combatting “approxima- 
tions” in Calculus work. Whenever possible no efforts should 
be spared in establishing the preliminaries of a proposition on 
sound and rigorous geometrical grounds. 
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DISCUSSION. 


By Captain P. B. Duncan, U. S. Navy, MEMBER. 
ENGINEERING EXPERIMENT STATION, ANNAPOLIS, Mp. 





The balancing of the Detroit’s L.P. rotor without removing 
it from the vessel, as described by Comdr. H. C. Dinger in the 
November number of the JouRNAL is interesting and instruc- 
tive. The chief interest, however, lies not in the operation of 
the balancing machine used, as that differs but little, if any, 
from the usual procedure where such work is done in the shops. 
The interesting feature is the initiative shown in rigging the 
apparatus on board ship and the consequent saving in time 
and cost over that necessary in the dismantling, removal and 
transportation of such heavy machinery parts to the shops. 

Commander Dinger’s assumption that failure to mention 
any of the balancing machines, or apparatus, in current use in 
discussions previously published in the JouRNAL indicates an 
unfamiliarity with the operation and possibilities of such appa- 
ratus is, however, not justified. “In reading Commander Bean’s 
article I assumed that the knowledge of the Navy’s extensive 
use of the apparatus described by Commander Dinger was so 
general that no comment on such method was necessary. 

The Akimoff apparatus for the balancing of heavy rotors 
was first used by the Navy in 1918 at the New York 
Navy Yard. The rotors of the new turbines for the North 
Dakota, then being constructed at that yard, were balanced 
with this apparatus. 

The balancing was most successfully accomplished and as 
a result of this, similar apparatus was subsequently obtained 
at other yards. The writer at that time was on duty at the 
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New York yard and the capabilities and extended usefulness 
of such apparatus was understood. 

The importance of Commander Bean’s original article lay 
not in the fact that any new principles were involved in the 
apparatus he described but that he showed in certain particulars 
an advance in design that indicated considerable increase in 
the rapidity with which such work could be done, without any 
loss in accuracy or efficiency. The principles in the apparatus 
described by Commander Bean and that by Commander Dinger 
are identical, and with proper selection of material there is no 
reason why one should not produce fully as accurate results 
as the other. 

The use of a fixed and an oscillating bearing together with 
the changing of weights had been frequently used for the 
balancing of rotating masses prior to the introduction of the 
Akimoff apparatus. The great advantage of the Akimoff 
apparatus lay in the design of the clamps by which the position 
and moment of the weights used for determining the amount 
of unbalance could be readily and accurately adjusted. The 
adjustment of this weight however requires the stopping of 
the mass being balanced for each adjustment. Where a large 
rotor is being handled this repeated stopping and starting con- 
sumes a large proportion of the entire time required for the 
complete operation. 

In the apparatus described by Commander Bean the adjust- 
ment of the weights in various planes and the varying of the 
moment can be accurately and conveniently accomplished in 
much less time as no stopping of the rotating mass is involved. 
In this respect it therefore constitutes a marked advance over 
the clamps used in the apparatus shown in Commander Dinger’s 
article. 

The method of securing freedom of oscillation of the bear- 
ings is immaterial providing that the necessary amount of 
damping can be obtained. The novel feature of Commander 
Bean’s apparatus is that he makes both bearings oscillating and 
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has no rigidly fixed bearing at all. This necessitates the simul- 
taneous correction at each end while the rotor is spinning, 
which his article indicates was done. Provided the data thus 
obtained is properly handled in the determination of the 
amount and location of the final adjusting weights the appara- 
tus should give fully as accurate results as that formérly used; 
and should permit a considerable saving in time. The handling 
of this data is necessarily somewhat different than when work- 
ing with but one oscillating bearing and compensating weights 
at one end only. It was for this reason that the writer sug- 
gested in previous discussion that a more complete description 
of the method used in transferring the compensating weights 
to the rotor itself would be desirable. 
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FLETTNER’S SAILLESS SHIP EXPLAINED. . 


Emp.Loys PRINCIPLE OF CurvING BASEBALL—SPINNING CYLINDERS DistTorT 
WINp CuRRENTS—RESULTANT Drivinc Force TEN Times THAT OF 
SaME Sart AREA—MANEUVERING SIMPLER THAN WITH SAILS 
—INVENTOR Prepicts Use as AUXILIARY TO ENGINE Drive. 


Since the latter part of November the newspapers have made frequent 
reference to a sailless ship invented by Anton Flettner, a German engineer 
well known for his invention of the Flettner rudder, which is “steered” by a 
small auxiliary rudder at its free end. 

While absurd claims were made for the Flettner ship in some of the early 
newspaper reports, authentic information, recently received by “Power” from 
Professor Stumpf and other German scientists, indicates that Flettner has 
attacked the problem in a scientific manner and that the practical possibilities 
of his method of ship propulsion are worthy of carefh consideration, even 
though the commercial savings attainable may be less than enthusiasts have 
predicted. 

While this is the first attempt to apply it to ship propulsion, the idea 
involved has long been known to scientists under the name of the “Magnus 
principle.” This is based on the observed fact that when a current of air 
passes over a rotating body the resultant force on the body does not act in 
the same direction as the wind. By direction of the wind is meant its 
relative direction as seen by an imaginary observer stationed on the body. 
Only relative winds being pertinent, it makes no difference whether an 
actual wind moves by the body or an apparent wind is produced by the 
motion of the body through still air. 


CURVING BASEBALL ILLUSTRATES PRINCIPLE, 


A baseball (Fig. 1) thrown with a counterclockwise spin acquires an 
“out” curve, while a golf ball driven with an “under” spin (Fig. 3) tends 
to rise or_maintain horizontal flight for a time in apparent defiance of 
gravity. Finally, to take a less familiar illustration (Fig. 2), an artillery 
projectile with a right-hand spin “drifts” to the left during its downward, 
path when it is inclined as shown to its trajectory. Each of these deviations 
from the expected path must evidently be due to a push at right angles 
(approximately) to the apparent wind produced by the motion of the object 
through the air. 

It should be noted that in each case the object tends to drift toward the 
side that is moving with the relative wind. In the case of the baseball and 
tennis ball this is the side moving back toward the starting point. 2 

In 1853 Heinrich Gustav Magnus, a German experimental physicist, investi- 
gated this effect with particular reference to the flight of 98 peo and 
propounded the so-called Magnus principle, which is accepted today as sub- 
stantially correct. This is illustrated by the three diagrams of Fig. 4, which 
are more or less idealized but sufficient for the present purpose. 
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MAGNUS PRINCIPLE EXPLAINED. 


_ As shown at A, wind blowing past a stationary cylinder slips by in stream 
lines symmetrically distributed on the two sides. While in practice there is 
some resultant force in the direction of the wind, the practically stream-line 
flow makes this force small (particularly for large cylinders) in comparison 
with that exerted by the wid on a flat surface of the same projected area. 
When this cylinder rotates in a calm, the air is dragged around in layers 
(B), the layer nearest to the surface moving fastest and the successive outer 
layers more and more slowly. 

The combination of wind and rotation* is shown at C. The stream lines 
are no longer symmetrical, but more of the air flows by on the side moving 
with the wind, where the least resistance is encountered. It is a well-known 
law of hydraulics, as well as of aérodynamics, that pressure drops when 
velocity rises and vice versa. Hence there is a drop in air pressure on the 
side moving with the wind and an increase in pressure on the other side, 
with a resultant force about as shown. This is the Magnus effect. 

The size of the resultant force depends on the velocity of the wind and 
also on the surface velocity of the rotating cylinder. Experiment has shown 
that it may easily rise to 16 times the force of the wind on the non-rotating 
cylinder. While, in practice, the resultant force is not exactly perpendicular 
to the wind (the angle varying with the two velocities) this variation need 
not yg considered here. Designers of such ships may study this matter in 
detail. 
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Fic. 6—“Cominc Aspout” Is Eastty ACCOMPLISHED BY ROTATING THE Two 
CYLINDERS IN Opposite DrreEcTIONs. 


From a study of the theory, followed by experiments with models of sails 
and rotating cylinders in the wind tunnel of Géttingen Aérodynamic Lab- 
oratory, Flettner decided that he could at least equal the driving force of a 
sailing ship with rotating towers having one-eighth the projected area. He 
also found reason to expect greater safety, convenience and maneuvering 
ability. 

*It should be noted that the wind has no appreciable tendency to rotate the cylinder. 
This must always be accomplished by outside power. 
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Experiments with a full-sized ship seemed to bear out these expectations. 
With the backing of the Friedr. Krupp Co. (Kiel), the 600-ton auxiliary 
motor ship Buckau was chartered, equipped with rotating cylinders and given 
extensive tests, 


ASTONISHING RESULTS CLAIMED FOR 600-TON “BUCKAU.” 


The two cylinders, constructed of a double layer of 0.04-inch thick sheet 
steel, are 9.2 feet in diameter, 51 feet high (later increased to 61 feet) and 
provided with disks at the top to avoid “spilling the vacuum.” They are 
mounted on pivots about 5 feet in diameter, reaching 43 feet above the 
main. deck and are rotated by individual 11-kw. reversible direct-current 
750-R.P.M. motors located inside the pivot supports above the main deck. 
The. cylinders and drive have a total weight of seven tons, whereas the 
equivalent rigging would weigh 35 tons and extend 92 feet above the deck. 
It is claimed that when the cylinders are at rest their resistance to the wind 
is much less than that of the bare spars, masts and rigging of an equivalent 
sailing ship. 

Among the practical results claimed from the tests of this ship were the 
following; A speed of 9 knots in a gusty and shifting breeze; driving force 
equivalent to 10 to 15 times the same sail area; considerable reduction in 
size of crew; greatly improved stability and safety in squalls and stormy 
weather ; increased maneuvering ability ; ability to sail as close as 23 degrees 
into the wind; the development of powers up to 1,000 horsepower from the 
wind when expending 20 horsepower to rotate the cylinders. 

The greater safety is said to be due to the fact that for the customary 
rotational speed the force on the cylinder attains a practically constant value 
when the wind velocity reaches 25 miles per hour. Further increase in wind 
velocity does not increase the force. As a result, if the reports are correct, 
the captain can forget about storms and squalls except so far as the waves 
themselves may reach dangerous proportions. The lower portions of the 
cylinders are reinforced to avoid damage by heavy seas. 

The maneuvering ability is best understood by a study of Figs. 5 and 6. 
Fig 5 shows that the hin may sail in practically any direction except 
straight against or with the wind. 

A study of the diagrams indicates that the ship should sail best with the 
wind abeam; that is, with the wind at right angles to the length of the ship. 
While the driving forces are not exactly perpendicular to the wind as shown, 
it is apparently impracticable to sail directly with the wind, so that it 
becomes necessary to “tack” with the wind as well as against it. 


“COMES ABOUT” WITHOUT USE OF RUDDER. 


Fig. 6 shows how, without headway or the use of rudder, the Flettner ship 
can be brought about from port tack to starboard or vice versa. By rotating 
the cylinders in opposite directions as shown, the two resultant forces con- 
stitute a couple or turning moment which persists at full strength even when 
the ship is headed directly into the wind. : 

Flettner does not claim that his cylinders will supplant steam or Diesel 
engines, It is his belief, however, that they will me an important 
auxiliary source of power in engine-driven freighters. On routes where 
steady cross-winds exist, large fuel savings are predicted, _ 

News dispatches have spoken vaguely of stationary wind poste plants 
which will be built with the Flettner cylinders, but the few details so far 
mentioned do not make clear the method of their operation.—‘Power,” 
Dec. 30, 1924. 
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AERODYNAMICAL INVESTIGATIONS OF SHIP PROPULSION. 


Tue THEORY OF AND EXPERIMENTAL WorK ON THE FLETTNER Rotor SHIP. 
By ANTON FLETTNER.* 


When the Flettner rudder had reached the practical stage for ships and 
aeroplanes, the idea of employing auxiliary blades for the purpose of con- 
trolling large planes for driving ships was taken up. The intention was to 
replace the canvas sail by metal, constructed similarly to the planes of 
aircraft. These planes would be capable of turning on pivots like the 
Flettner rudder. The investigations show, on the whole, that the effect of 


canvas sails was better than generally supposed. With such planes, the 
pressure exerted is :— 


R=cx Fx 4x y2, 
2g 


in which F is the area of the plane, a the specific gravity of air, g the 
acceleration due to gravity, and V the velocity of the wind. C, depends 
upon the form of the plane, and is usually 0.8 to 1 in a canvas sail and 1.6 
for metal planes of aircraft. The values of C, with the symmetrical metal 
sails were naturally smaller than with the curved aircraft planes. <A special 
form was, therefore, tried, in which the back part of the sail was capable 
of being turned so that it could be set at an angle with the main portion. 
This is indicated in Fig. 1, and showed favorable results. The outcome of 
the design was a boat with two pivoted masts and nine sailing planes 
arranged in a manner similar to the blades of a three-bladed rudder. As 
may be seen from Fig. 2, each system is controlled by an auxiliary blade 
fixed at the end of a special tail. Trials were made with a single-sail vessel 
built by Krupp’s, of Kiel, and were successful. Some other systems of 
aerodynamical propulsion were also designed. 

At the beginning of 1922 the idea was conceived of using rotating streams 
of air for driving ships. At the end of 1922 the author became acquainted 
with the work of Prof. Foettinger on propeller problems, in which the 
Magnus effect is mentioned. This phenomenon, discovered by Prof. Magnus, 
of Berlin University, in 1853, is concerned with the side pressures on a 
rotating body in a current. Lord Rayleigh has referred to it in his report 
on “The Irregular Flight of a Tennis Ball.” 

When the Goettingen Aerodynamical Institute decided, in 1923, to make 
scientific investigations on the magnitude of the Magnus effect merely for 
theoretical purposes, the author patented the idea of applying the effect to 
sailing purposes. Co-operative investigations were then carried out at 
Goettingen by the Institute and the Flettner Co. It was soon realized that 
the effect was much larger than had been supposed and than had been found 
by earlier investigators, The factor C,, as given in the above formula, was 
found to be as large as 4 in‘ordinary short cylinders. The pressure and 
suction effect was disturbed by the fact that the air flowed off at the ends 
of the cylinder. Flat discs were, therefore, fitted at the end, with the result 
that C, was increased to 9. These trials were made with a rotating cylinder 
having a diameter of 7 centimeters (about 234 inches), a length of 33 centi- 
meters (about 13 inches), and discs with a diameter of 14 centimeters. The 
best results were achieved with a circumferential speed of 3%4 to 4 times 
the velocity of the air current. If the ratio is smaller, the effect is less 
advantageous. Thus, if the velocity of the current is increased, the pressure 
does not augment. 





* Extract from a pepe read by Herr Anton Flettner at the 25th annual meeting of 


the Schiffbautechnische Gesellschaft, Berlin, November 21st. 
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AIR PRESSURES. 


Fig. 3 gives an idea of the pressures on the cylinders of the first Flettner 
rotor vessel, the Buckau. The curve (a) shows the pressure on the rotating 
cylinders at a speed of 24 meters (78.7 feet) per second. The curve (c) 
shows the pressure on the cylinders when at rest, whilst the dotted curve 
(b) gives the pressure on the rope and mast rigging of the Buckau prior to 
conversion. .At a velocity of wind of 10 meters (33 feet) per second, the 
maximum pressure on the rotating cylinders is obtained. The resistance of 
the cylinders at rest is much smaller than that of the bare rigging previously 
fitted on the vessel. 

Fig. 4 shows the value of the effective specific pressure with the ship on 
different courses. The shaded part gives the comparative values found with 
the model of a sailing vessel with canvas. The inner line shows the smallest 
and the outer lines the largest values in the wind tunnel, the difference 
depending on the position of the different canvas sails and whether they are 
in proper trim or not. 

After the experiment, it was decided by the Hanseatic Motor Shipping 
Co. to have the Buckau fitted with the rotating power sails. A silhouette 
of the vessel is given in Fig. 5, showing the rig before and after conversion. 


THE MAGNUS EFFECT, 


Naturally, the most interesting question relates to the Magnus effect. The 
circulating current is caused by the friction of the walls in the air. As a 
matter of fact, the air next to the walis rotates at about the same speed as 
that of the wall, because the inner friction of the air is much smaller than 
the air and sheet-iron. Thus, the air at the side where the rotation is in 
the same direction as that of the wind is accelerated, and at the other side 
its velocity is diminished. Acceleration of a current means decrease of 
pressure and diminished velocity means increased pressure. An ideal dia- 
gram of the streamlines of the current is given in Fig. 6. The actual dis- 
tribution of pressure and suction is shown in Fig. 7. From this it may be 
gathered that the suction is of more importance than the pressure above 
atmosphere, and this point. is specially emphasized. Thus, the rotating 
cylinder is drawn forward in the direction of the ship rather than forced 
from behind. 

The direction of the force depends u — the relation of the circumferential 
speed to that of the wind. If the cylinders are commencing to rotate, the 
direction of the maximum effort turns with the increased circumferential 
speed. At the most favorable relationship, the angle of maximum effect is 
about 100 to 110 degrees to the line of direction of the wind, but with higher 
speeds of rotation even 130 degrees may be obtained. Therefore, it has 
been proved by the trials of the Buckau that it is possible to sail the vessel 
in a direction about 30 degrees against the wind. 


THE EXPERIMENTAL RESULTS. 


The experimental vessel, the Buckau, is referred to on page 320. The 
stability is superior to that before conversion. The weight of the rigging 
with canvas was about 35 tons, whilst the pivot masts and the cylinders of 
the Flettner system weigh only 7 tons. The wind pressure upon the rotating 
cylinders cannot exceed a certain amount because the circumferential speed 
of the cylinders is limited. Therefore, even in strong winds, the cylinders 
can be kept rotating and heavy squalls have only a small effect upon the 
extent to which the vessel heels. This is claimed as a decided advantage 
over the normal sailing vessel. By the control of the speed of the cylinders, 
the pressure may be regulated within the limits given in Fig. 3. 
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When cruising, the direction may be changed either by the bow or by the 
stern by varying the direction of the rotation of one of the two cylinders. 
If the direction of rotation of both is changed, the vessel stops very quickly 
and sails astern. 

On the trials, at a wind speed of 9 meters per second (about 30 feet), and 
with a displacement of 778 tons, a speed of 8,19 knots was attained over the 
measured mile-—“The Motor Ship,” Dec., 1924, 





THE MAGNUS EFFECT. 


It may interest some.of our readers to learn how the Magnus effect may 
be shown in very simple ways. The following demonstrations have been 
devised by members of our staff, but modifications will no doubt occur to 
our readers. (1) Make a tube—Fig. 1—of stiffish paper by gumming the 
edges together. Let its diameter be 4 inches or 5 inches and its length 1 foot 
to 18 inches. Place it on a flat piece of cardboard held some 5 feet or 6 feet 
above the floor. Tip the cardboard so that the paper tube rolls steadily down 
it anid falls over the edge. It will be observed that the tube does not fall 








reened) 


(she 5 


eh 


Pps 
p.! 
: 





Fig 2 








ve Ring 


| 




















“Tee Cucimpen” 








154 NOTES. 


vertically, but takes a distinct inclination inwards—that is to say, in the 
opposite direction to any motion of translation imparted to it when rolling 
down the board. In this case the wind is represented by the resistance of 
the air to the falling tube, and the tube, viewed from the near end, has an 
anti-clockwise rotation ; hence the deviation should be to the right, as, in 
fact, it is, the pressure on the left side of the tube being greater because the 
resultant speed of the “wind” and the circumferential speed of the air 
vortex round the tube is lower than on the right side. 

(2) Stretch tightly between the picture rails of a fairly high room a 
cord, At the center attach a vertical cord, and to that cord fasten by its 
vertical axis a fairly long and not too light cardboard cylinder, so that it 
is a few inches clear. of the ground; by rotating the cylinder, the cord can 
be wound up and by its unwinding will start the cylinder rotating—see 
Fig. 2. At two other points on the horizontal cord equidistant by a couple 
of yards from the center attach two other cords, and bring their ends together 
in a vee at a small ring just above the cardboard cylinder. The arrangement 
forms a pendulum, rigid in one direction but quite free to swing in the other. 
Now place an ordinary electric fan in such a position that it can blow on 
the side of the cylinder and place some large books in position to form a 
sort of grid to remove any rotation from the air current. Set the cylinder 
revolving, not too fast, and when it hangs vertically, switch in the fan. The 
deflection of the pendulum to right or left, according to the direction of 
rotation, is quite obvious. The best results were obtained with an ordinary 
cardboard roll, 20 inches long by 3 inches in diameter—‘“The Engineer,” 
Dec. 5, 1924. 


THE ROTORSHIP. 


Some Conjectures REGARDING Its PossIBILITIES 


Since we dealt with this startling invention last month, further particulars 
have come to hand, which permit of more accurately estimating the value of 
the new method of utilizing the power of the wind for the propulsion of 
ships. It is not so much that a higher speed can be obtained from the wind 
with the rotating towers, as that it can be realized at a much lower cost and 
without the risks attaching to sails. 

Taking the experimental ship as an example, we find that a speed of just 
over 8 knots was easily obtained with a wind velocity of 20 miles an hour. 
There is nothing very astonishing about this result. A wind of 20 miles an 
hour is a nice working breeze, in which a sailing vessel with good lines and 
a decent spread of canvas should do 8 knots, or thereabouts. But when the 
cost is reckoned up, the new method of utilizing wind power shows up to 
immense advantage. 

We are not told how many men were required to work the Buckau, the 
experimental ship in question, when she was rigged as a sailing vessel. But 
the crew needed to weik the sails could scarcely have numbered less than 
twelve. Two men can look after the revolving towers—one on deck, the 
other below to attend to the power plant, if they take watch and watch. 
Some allowance, however, must be made for fuel. 

In the Buckau 18 horsepower was required for rotating the towers involv- 
ing a consumption of, say, 20 gallons of gas oil a day at a cost of ten 
shillings, which is about equivalent to food and wages for one man. Food 
and wages for nine men are, therefore, saved. So far as the cost of upkee 
is concerned, that for masts, sails, and gear in a sailing vessel would equal, 
if it did not exceed, the outlay under this head for the towers and their 
driving machinery. 
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In addition to a saving in labor are other important advantages over sails. 
The towers are much lighter than masts and sailing gear, the weight of the 
towers in the experimental ship being only 7 tons, against 35 tons for the 
previous rig. The heeling force also is comparatively small and can be 
reduced to that due to windage by stopping the rotation of the towers. 
Moreover, the latter owing to their much lower height, smooth surface, and 
cylindrical form, hold far less wind than the original sailing gear. With her 
towers stopped, therefore, a rotor ship is in a much better position to with- 
stand a hurricane than a sailing vessel with bare poles. The windage of 
the former being more than double that of the latter. 

Another extraordinary feature is that an increase in the wind velocity 
does not increase the heeling force, provided that the speed of the towers 
remains the same. This means that a squall which would be dangerous in 
a sailing vessel has little or no effect on a rotor ship. It is quite clear, 
therefore, that, even if the towers do not give higher speeds than sails, they 
effect savings in other directions which make them a far better commercial 
proposition. 

An auxiliary motor will still be needed to propel a rotor ship when there 
is no wind. In view of the ability to proceed to windward thus conferred, 
it is probable that rotorships will resort to power when foul winds prevail, 
but it has been found that they can sail nearer the wind than other sailing 
vessels, while coming about does not reduce their speed to the same extent. 
The latter feature is only to be expected when it is remembered that the 
coming about of a full-rigged ship may occupy a long time, during which 
sails are aback at one time or another. Even with a fore-and-aft sailing 
rig, the windage being greater than with the towers, a bigger reduction in 
speed occurs when going about than in the rotor ship. 


DESCRIPTION OF TOWERS. 


In the experimental ship Buckau there are two towers, having a diameter 
of 9 feet and a height of about 50 feet. During the trials referred to with 
a wind velocity of 20 miles per hour, these towers were rotated at 100 
R.P.M. According to experiments carried out by the inventor Herr Anton 
Flettner, the most powerful results are obtained when the towers are 
revolved at from three to four times the speed of the wind. But during the 
trials the surface speed of the towers was only about 80 feet per second, 
with a wind velocity of 30 feet per second. 

The effect of an air current impinging upon a rotating cylinder is to 
cause a suction on one side roughly at right angles to the direction of the 
wind. This phenomenon was discovered by a German named Magnus in 
1853. It was observed in connection with shells which are deflected from 
their trajectory when coming down towards the end of their flight. A 
similar effect may be seen in the flight of a spinning tennis ball. Herr 
Flettner, who has applied this principle to the propulsion of ships, is also a 
German. But two brothers named Scotter applied for and obtained a 
British Patent for this principle in 1915, which was granted in 1917. In 
the meantime, it is reported that an English firm has paid Herr Flettner a 
big sum of money for the English patent rights. It will be interesting to 
see what is the upshot of this position. 


SOME CONJECTURES. 


It has been presumed in some quarters that this new method of wind pro- 
pulsion will only compete with sailing vessels, and that because full-powered 
craft have to run to time table, no advantage would accrue from applying 
the rotating towers to them. But it does not by any means follow that 
because sails have been abandoned for steamships, the rotating towers will 
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also prove a failure. With a full-powered steamship or a motorship sails 
would still save fuel. It is the cost of the extra crew required which renders 
them impracticable ; while the heeling of a passenger ship in a breeze would 
be a source of serious discomfort to the modern passenger. The rotating 
towers only require a small fraction of the crew required for sails, while 
the trifling amount of heel they cause is rather an advantage than otherwise 
in preventing rolling. Moreover, they form an alternative method of pro- 
pulsion should the machinery break down, which is by no means an unknown 
event. For these reasons, it seems highly probable that these towers will be 
applied to full-powered motorships. 

In strong winds there is every reason to suppose that the speed of a full- 
powered ship could be maintained by the wind, and that the engine could be 
stopped entirely. In this connection the oil engine shows up to very great 
advantage compared with. steam machinery, because it is ready to start at 
any moment without any losses due to banked fires. For this reason, rotor- 
ships will all be fitted with Diesel engines. 

It is quite possible also that instead of fitting one Diesel engine to work a 
single screw in such vessels, several high-speed engines will be geared to the 
propeller shaft. By this means, full advantage could be taken of any wind 
which was available by shutting down one or more of the engines. 

According to Herr Flettner, sixty per cent of the fuel could be saved on 
a voyage to the East while economy would be effected to the extent of fifty 
per cent to South America and 35 to 40 per cent on the trans-Atlantic route. 
Naturally, routes on which trade winds prevail are the most favorable. 

An important fact which must not be overlooked is that since less fuel 
is required a saving in bunker space is effected and, proportionately, more 
cargo can be carried. 

It is possible that the most economical speed, especially for cargo ships, 
may be effected by the application of these rotating towers. If any modi- 
fication were made it would be in the direction of higher speeds, since this 
could be realized without increasing, the cost of fuel. 

So far as new ships are concerned, those who contemplate the building of 
a steamship should very carefully consider the possibilities of the Flettner 
device since the conversion of the vessel could scarcely prove a paying 
proposition. The application of the rotating towers to motorships should 
not offer any great difficulty, although some strengthening of the hull would 
be needed where the towers were to be fixed.—“The Powership,” Jan., 1925. 





THE FLETTNER “ROTOR SHIP.” 
Is THE PRINCIPLE APPLICABLE TO AIRCRAFT? 


Very considerable interest has been aroused in shipping circles by the 
recent accounts of the trial runs of the new German mystery ship which 
“sails without sails.” The principles involved do not appear to be at all 
clearly realized, and the consequence has somewhat naturally been that 
extravagant surmises and claims have been put forward; nor 1s this at all 
surprising. The differences between the sailing ship and the “rotor ship” 
are indeed such as to perplex anyone with a knowledge of the old sailing 
ships and their ways, and even the naval architect may be expected to be 
“floored” for the minute by the paradoxical behavior of the “rotor ship,” 
which has no sails yet is propelled by the wind, which has engines, but such 
small aig as to be totally incapable of propelling the ship at the speeds 
attained, 

The “Rotor Ship” is the invention of a German engineer, Herr Anton 
Flettner, of Berlin-Schéneberg, who is, perhaps, better known for his inven- 
tions relating to rudders for ships and aircraft. Herr Flettner has patented 
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a number of arrangements for reducing the amount of force which has to 
be exerted by the air pilot, or, in the case of a vessel, by the helmsman. 
Briefly, the Flettner systems, however much they may differ in detail, consist 
in utilizing a small rudder, requiring but small forces to operate it, for 
operating the main rudder. In other words the pilot works the rudder in an 
indirect instead of in a direct manner. Whether the “rotor ship” is the out- 
come of Herr Flettner’s research work on rudders we naturally cannot say. 
On the face of it there does not appear to be any obvious connection between 
the two, but the probability is that one is the outcome of work in connection 
with the other. In outward appearance the Flettner “rotor ship” is an ordi- 
nary hull, fitted with two towers having the form of cylinders, one placed 
forward and the other aft, approximately in the positions that would 
normally be occupied by the two masts. No very reliable data are available, 
but such illustrations as have been published appear to indicate that the 
towers are approximately 60 feet high and probably 10 feet or so in diameter. 
The towers are said to be revolved by two small electric motors of about 
9 horsepower each, and the speed attained is believed to have been 814 knots. 
Now it is perfectly obvious that a vessel of the size of the Buckau would not 
attain anything like this speed, powered with engines of 18 horsepower only. 
The overall length of the vessel is 155.8 feet, the beam 29.5 feet, and the 
depth 14 feet. The probable draft is 12 feet, and the total displacement 1000 
tons. 

In a chatty letter to us on the subject of the “rotor ship,” a correspondent 
makes the suggestion that the principle upon which Herr Flettner works may 
be exactly the same as that which causes a spinning golf ball, for example, 
to follow a different trajectory from that of a non-rotating one. “If one 
desires,” our correspondent’s letter runs, “to make the ball strike the ground 
almost vertically so as not to roll unduly, one slices it underneath, I under- 
stand (not being a golf fiend), and the result is somewhat as shown in the 
upper diagram.” : 

In the diagram the lower curve represents the trajectory of a non-spinning 
ball, while the upper curve shows roughly the path followed by a sliced ball 
which rotates in the direction shown by the arrow. To show how effective 
the rotors of the Buckau must be, our correspondent estimates that she 
would require 250 horsepower to develop the speed of 8.5 knots, which the 
Germans claim to have accomplished in a wind—approximately athwartships 
—of 4 to & knots. Assuming a mechanical efficiency of 80 per cent, and a 
propeller efficiency of 60 per cent, the horsepower available for actual pro- 
pulsion would be 120 horsepower, and the thrust would be roughly 4600 
pounds at 8.5 knots. Our correspondent’s letter then goes on as follows: 
“Tt has been stated that the towers are 60 feet high and 10 feet in diameter, 
giving 1200 square feet of projected area for the two. This gives a minimum 
loading (that is assuming the resultant thrust to lie dead ahead) of 3.8 
pounds per square foot. It is astonishing to note that the loading (i. e., drag 
on the cylinders if stationary) in the same wind would be only some Yo of 
this. [This figure is arrived at on the assumption that the drag coefficient kp 
for smooth cylinders has a value of 0.55 on the projected area.—Ep,] 

“The force seems to be generated by a circulation round the cylinders 
exactly as in the case of an aerofoil, only with the rotors the circulation is 
artificially produced. Doubtless the same laws regarding changes of aspect 
ratio also apply, and there is probably a definite peripheral speed for the 
rotors to suit any particular wind velocity. 

“It is possible that the towers are fitted with longitudinal external vanes 
to accentuate the circulation effect, and in this connection it is interesting to 
note that the modern golf ball is ‘pock-marked’ in a particular manner dic- 
tated by long experience. [An examination of photographs of the ‘rotor 
ship’ does not indicate any external vanes.—Ep.] 
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“The towers appear to be pure cantilever structures and probably have an 
internal fixed mast carrying bearings with the rotors revolving outside it. 
The object of using two towers is probably to obtain balancing components 
acting along the ship in case of unfavorable winds. For example, should 
the wind be directly astern, the towers would be run in opposite directions. 

“The way the thing works is, I think, something like the sketch (see 
central diagram), the wind being deflected through an angle a, owing to the 
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rotation of the cylinder. There would be a zone of pressure round ‘A,’ as 
on the underside of an aerofoil, and a zone of negative pressure at ‘B,’ a 
force being produced in the direction of the arrow ‘C.’ If the direction of 
‘C’ should coincide with the line of motion of the ship the best results would 
naturally be obtained. It seems obvious that angle a could be varied by 
changing the ratio of rotor speed to wind speed. 

“The question now is: ‘Can the principle be applied to aeroplanes?” We 
‘want a lot of data before one can express an opinion that would be worth 
much, but it seems quite possible that the whole thing will open up an 
entirely new line of thought. It might be possible to use terrific ‘wing” 
loadings and yet retain a low landing speed. It is doubtful whether the 
actual efficiencies in terms of lift/drag would be better, but this would not 
matter much if very high lift could be obtained. The aeroplane has never 
been capable of carrying weight per horsepower in any way comparable 
with other forms of transport. I submit, therefore, that if this scheme will 
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allow us to carry, say, 1 hundredweight per horsepower, even if the speed 
were only 50 miles per hour, the future of the heavier-than-air bus is settled 
for all purposes! It could compete with the Foden for haulage purposes! 
The rotors would have to be driven by the forward speed of the machine, 
if possible, as otherwise all lift would go if the engine ‘conked.’ I believe 
that if the scheme is found to be of practical use for ships, the next step 
would be to employ the rotors as wings for aeroplanes, or, what is perhaps 
as likely, as a sort of helicopter.” —“Flight,” Nov. 27, 1924. 





THE LARGEST MOTOR PASSENGER AND MAIL LINER. 


PARTICULARS OF THE HuLL AND MACHINERY OF THE QUADRUPLE SCREW 
MotorsHip “AoraAnci.” BUILT BY THE FAIRFIELD SHIPBUILDING & 
ENGINEERING COMPANY, AND ENGINED WITH Four 6-CyYLINDER 
FAIRFIELD-SULZER DIESEL ENGINES FOR THE UNION 
STEAM SuHip CoMpANY oF NEw ZEALAND LIMITED. 


The quadruple-screw motor passenger liner Aorangi, which leaves South- . 
ampton on January 2 to take up her station on the Vancouver-Fiji-Honolulu- 
Auckland-Sydney passenger and mail route of the Union Steam Ship Com- 
pany of New Zealand Limited, is without doubt one of the most interesting 
and important motorships completed during the year which has just passed. 
She represents one of the latest expressions in passenger liner design, and 
is at the time of writing the largest passenger vessel propelled by internal- 
pe mi engines. The Aorangi has the following dimensions and par- 
ticulars :— 


Length, between perpendiculars, feet.................. 580 
Breadth, moulded, feet and inches...................-- 72—9 
Depth, moulded, feet and inches................0eee0es 46—7 
Displacement, tons, approximate................eeeee. 23,000 
Draught, feet and inches..............cceeeeeeeceeeeee 27—10 
Gross tonnage, tons..............eeeeee cence els Shon! 17,500 
Speed on service, knots.............cccsseeeeseeecrens 18 


The vessel has a straight stem and a cruiser stern, with a full-balanced 
rudder. There are two funnels and two masts, all of which have a slight 
parallel rake, in addition to which there are four pairs of upright derrick 
posts, as the profile indicates. Structurally the Aorangi is of shelter-deck 
type with erections, consisting of a forecastle and a long bridge extending 
from the well aft and containing two decks—a boat deck and a promenade 
deck. Below the shelter deck are two continuous decks, the upper deck and 
the main deck, while below this again is the lower deck which extends for- 
ward and aft from the machinery space bulkheads, Eleven watertight 
bulkheads, continuous to the main deck, divide the ship into 12 compartments, 
and the ship has been designed in accordance with the usual two-compart- 
ment rule. There are in all eight cargo holds, four forward of the machinery 
space and four abaft. The aft holds are insulated, as is also the ‘tween 
decks aft, between the main and lower decks. The holds carry 225,000 
cubic feet of general cargo, and about 90,000 cubic feet of refrigerated 
cargo, including fruit, meat, and dairy produce. The baggage rooms of the 
vessel are roomy and equipped with sorting tables, &c. The boat-launching 
appliances, by the MacLachlan Automatic Boat Davit Co. Ltd., Glasgow, 
are capable of placing all 16 lifeboats in the water in a few minutes, while 
the boats can be lifted back into their station by electric motor-boat winches. 
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A 30-foot motor lifeboat, by Hugh McLean & Sons Ltd., Govan, has also 
been included in the boat equipment, and all known aids to safety of navi- 
gation, including submarine signalling gear, directional wireless equipment, 
and Sperry gyro compasses with automatic steering, in addition to the usual 
magnetic compasses, have been embodied to provide the passenger with the 
maximum of safety, while a Weir-Sulzer Diesel-driven generating set 
installed on the boat deck can supply electric lighting and power should the 
ordinary electric dynamos in the engine room be flooded. Precaution against 
fire is provided by the ship being sectionalized by numerous fireproof bulk- 
heads to localize any outbreak. Complete systems of fire-extinguishing 
appliances of the Clayton sulphur type, by the Clayton Fire Extinguishing 
& Disinfecting Co. Ltd., London, water service pipes and steam fire-extin- 
guishing appliances are provided, in addition to the usual hand chemical 
extinguishers and the Firefoam plants in the oil-fire galleys and machinery 
compartments, while numerous fire-alarm indicators and bells provide a 
prompt means of fire detection. 

First-class accommodation is arranged amidships, second-class aft and 
third-class forward, the well deck being the latter’s promenading space. The 
second and third-class accommodation is of a very high order, and should 
prove very popular with the traveling public. The first-class accommoda- 
‘tion, and particularly the public rooms, is particularly luxurious. Accom- 
modation is provided for about 440 first-class, 300 second-class and 230 
third-class passengers, and the crew comprises 330 officers and men, in spite 
of the elimination of practically all firemen and trimmers. 

The kitchens embody cooking ranges fired by a low-pressure oil system, 
and a large number of electrical appliances, including grills, salamanders, 
&c., the kitchen and pantry fittings having been supplied by Henry Wilson 
& Co. Ltd., Liverpool. The pantries also have been equipped on the most 
up-to-date principles, including electrically-driven dish-washing machines, 
&c. An extensive bakery is also provided. One of the most extensive 
laundries ever fitted on board ship has been provided by the British-American 
Laundry Machinery Co. Ltd., London. It is fitted with water-softening 
plant, electrically-driven linen and flannel washing and extracting plant, 
dryers, ironing machines, clothes and linen presses, cuff and collar machines, 
&c., and is equipped complete with receiving, marking, checking and 
dispatch rooms, and an extensive linen store. The ship is adequately 
equipped with two sets oferefrigerating machinery supplied by J. & E. Hall 
Limited, Dartford, to deal with the refrigerated cargo and the extensive 
refrigerated store rooms of the vessel. Two passenger lifts by Smith, Major 
& Stevens Ltd., Northampton, are also fitted. 

Natural ventilation of the vessel is provided, and also by means of electric- 
driven pressure fans and electric exhaust fans, the whole of the public 
rooms, cabins, corridors, lavatories, &c., are supplied with large quantities 
of air which can be ozonified when desired. 

The machinery of the Aorangi was built under the supervision of ‘Mr. W. 
T. Tucker, the company’s superintending engineer, the hull construction 
being supervised by Mr. David Boyd of Wm. Esplen, Son & Swainston 
Ltd., London. 


MAIN PROPELLING MACHINERY. 


The Aorangi is a quadruple-screw motorship built to Lloyd’s and Board 
of Trade’s requirements, and is the highest powered ship of her type yet 
completed. The machinery is contained in two separate watertight com- 
partments, separated by fuel bunkers, the propelling engines being situated 
in the aft compartment, and the auxiliary engines, together with two cylin- 
drical Scotch boilers, which are screened off, in the forward compartment. 
The main propelling machinery consists of four sets of Fairfield-Sulzer 
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Diesel engines, each having six cylinders, 27-inch diameter by 39-inch 
stroke, working on the two-stroke cycle principle. Consideration of pro- 
peller efficiency in the Aorangi have necessitated a relatively high rate of 
revolutions, about 127 per minute on service, but with a six-cylinder engine 
the out-of-balance forces and couples are so small that even higher revolu- 
tions can be attained with perfect freedom from vibration. This was 
demonstrated on the test-bed when the first engine was run at 152 R.P.M., 
developing 4750 I.H.P. for two hours.* The soleplates of the engines are 
arranged with a flat base for bolting direct to the tank top, instead of being 
secured to girders built on the tank top as is often observed with Continental 
designs. The double bottom of the ship in way of the main propelling 
machinery is made specially deep, and particular attention has been paid to 
the design of the girder work in the double-bottom tank so as to distribute 
the om and the stresses arising from the propelling machinery. The 
soleplate and columns are also strengthened to prevent possible vibration, 
and the bearing surfaces are increased so as to reduce the working pressures 
on these parts. The crankshaft is of special 31-35-ton steel and is 19 inches 
in diameter, which provides an ample margin above the requirements of 
Lloyd’s Register. It is of semi-built type, the crankpin and its webs being 
forged in one piece with the main journals shrunk in. Two large dowel 
pins, eased away in a radial direction to ensure-the shrink grip being main- 
tained, are fitted between each web and its journal pin. The cylinders are 
of special cast iron, each weighing about 5 tons, and are connected to cast- 
iron columns of H-section. The scavenge inlet and exhaust outlet ports 
are cast on opposite sides of the cylinder, and the space between the liner 
and the cylinder forms the water jacket. Large hinged steel doors are fitted 
to the columns on the back and on the front of the engine to give ready 
access for overhaul. The liner, which is also made of special cast iron, is 
a plain cylindrical casting, with water-cooled connecting ‘bars forming the 
scavenge and exhaust ports, and is pressed into the cylinder, being free to 
expand in a downward direction. ci learance is also left at the top where 
the liner is exposed to the high temperature of combustion to enable it to 
expand radially. Copper rings are inserted in the liner, and rubber rings 
form watertight joints at the bottom of the cylinder and at the top and 
bottom of the ports. At the bottom of the liner, scraper rings are fitted to 
prevent the’ crankcase oil from being drawn up by the piston skirt and 
blown out through the exhaust ports. The cylinder cover is secured to the 
cylinder by studs, a gastight joint being formed between it and the liner by 
a serrated spigot and copper joint. The cover is a symmetrical casting of 
special cast iron, having one central opening for housing the fuel and air- 
starting valves. The top part of the piston is of special cast iron and the 
crown is well supported by internal ribs, so designed as to give freedom for 
expansion in all directions. Seven Ramsbottom rings are fitted and, in 
accordance with the best modern ‘practice, these are free to rotate. The 
piston skirt is of light section and secured to the piston top by long studs, 
which also secure the forged-steel piston rod. -At the lower end of the 
piston rod is attached a stiff crosshead of high tensile steel, on which are 
fitted double slippers of cast steel with white-metal bearing surfaces. The 
thrust of thé connecting rod is thus taken on four guides, two on the down 
stroke and two on the up stroke. The guide plates are of cast-iron box 
section bolted to the columns, and are cooled by oil from the lubricating 
system; by this means the lubrication of the guide faces is facilitated, a 
small bypass from the cooling oil, with control plugs, admitting a jet of oil 
to the bearing surfaces. The crosshead journals for the connecting-rod top 
end bushes are situated between the guides, and are of ample size to transmit 
the load from the piston to the crank. Although the bolts joining all these 


* See “The Marine Engineer and Motorship Builder,’”’ April, 1924. 
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parts together are not normally in tension, they have to be designed to take 
the load due to the inertia of the reciprocating parts with no compression 
in the cylinder, which condition is obtained at starting. This condition is 
more severe when starting on the test-bed with an empty brake, when the 
normal revolutions may at times be exceeded by 50 per cent. At the aft end 
of the soleplate, and continuous with it, is a thrust block of the Michell 
type, the pads of which are of cast iron lined with white metal, and are 
supported by line pivots from a cast-steel equilibrium ring. Mounted on the 
thrust shaft and between the block and the engine aft coupling is a solid 
cast-iron flywheel of about 9 tons weight. Spur teeth are cut on the rim 
of the wheel for the turning gear, which consists of a twin-cylinder engine, 
driven by compressed air, and the necessary worm and spur gearing «for 
reducing the speed. This engine is a duplicate of the servo-motor for 
operating the various levers during maneuvering. For driving the camshaft 
a vertical shaft, well supported by bearings, is fitted at the aft end of the 
engine, connected with the crankshaft and the camshaft through skew 
gearing. These camshafts, as usual in all two-stroke cycle engines, run at 
the same revolutions as the engines, and to take up the thrust of the gears 
a Michell block is fitted at the mid-length of the vertical shaft and attached 
to the aft column. This block is fitted with standard Michell slipper units 
and is very accessible for inspection. 

At the forward end of the engine are fitted two three-stage air com- 
pressors, each of sufficient capacity to supply the injection air for one main 
engine while. running at full power. The diameter of each high-pressure 
cylinder is 5% inches, and the stroke of the pistons for all stages is 20 inches. 
The compressor pistons are driven from the forward end of the main shaft 
by a crankshaft having two throws at 180 degrees to each other and sup- 
ported by a bearing between, and at, the forward end. The compressors are 
of the three-stage type, the high-pressure and low-pressure compressing on 
the up stroke and the medium pressure on the down stroke of the pistons. 
The suction and discharge valves in the medium-pressure and low-pressure 
stages are contained in cone-shaped cages ground into sockets in the cylinder 
walls, thus reducing the clearance volume to a minimum. The high-pressure 
suction and discharge valves are contained in the cast-steel cover of the 
high-pressure stage immediately above the piston top. Straight tube coolers 
are fitted after each stage, the copper tubes being expanded into the tube 
plates and the whole surface thereafter tinned. Each of the air compressor 
cylinders and coolers is surrounded by a jacket through which circulating 
water passes before reaching the main cylinders. The air is drawn from 
either the turbo-blower suction trunk or, if additional air be required at any 
time, say, when maneuvering from the turbo-blower discharge, which has . 
a pressure of 1.8 to 2 pounds per square inch, thereby increasing the capacity 
of the compressor by about 12 per cent. The actual output of the com- 
pressors to meet the requirements of each engine under any conditions of 
working is regulated by two sliding gate valves mounted at the control 
station convenient to the starting handles and operated by levers. The only 
pump, with the exception of the high-pressure fuel pump, driven from the 
main engines is a plunger pump for supplying lubricating oil to the cross- 
heads at a pressure of about 250 pounds per square inch. This pump is 
situated at the forward end of the engine and is driven by a small overhung 
crank on the air compressor shaft, and the suction is taken from the main 
lubricating supply to the engines. The pump for discharging the fuel oil 
to the fuel sprayer valves is driven from the top end of the vertical shaft 
at the aft end of the engine and level with the starting platform by an 
eccentric, and consists of a common cast-iron suction chamber and six 
plungers—one for each cylinder—each having separate suction and discharge 
valves. The plungers are of steel and discharge against the injection air 
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pressure, working in special cast-iron sleeves, which are ground and lapped 
internally to fit the plungers so that no packing is required. The piungers 
are connected to a crosshead and are arranged in two groups, so that three 
are working on the discharge stroke simultaneously with the other three 
working on the suction stroke. For regulating the power of the engine, 
the suction valves of the pumps are kept open more or less as may be 
required, by tappets operated by push rods mounted on an eccentric fulcrum. 
The position of this fulcrum is determined, by the engineer on watch, at the 
starting platform by operating the fuel control lever. On each stroke of the 
fuel pump, after the suction valve is allowed to seat itself, the fuel remaining 
in the pump chamber is delivered through a steel pipe to the fuel valve on 
the cylinder cover, where it is blown into the cylinder by the injection air 
at the instant of opening of the fuel valve. The suction valves of the fuel 
pump are also operated by a governor of the centrifugal ball type mounted 
at the top of the vertical shaft, and the control is such that the amount of 
fuel is reduced to all cylinders before any one cylinder is actually cut out. 
The fuel valve and air-starting valve are contained in the same chest and 
are accommodated in a central opening in the cylinder cover, in accordance 
with usual Sulzer design.. The valve chest is of special cast iron, water 
cooled, and besides containing the fuel needle valve and the non-return air- 
i valve, there is incorporated in each an escape valve and an indicator 
valve. 


MANEUVERING. 


For operating the lever shaft a twin cylinder air-operated servo-motor is 
fitted at the forward end of the engine, and by means of cams and levers 
the six cylinders are put first on starting air, the non-return compression 
release valves being held open. As the shaft driven by this servo-motor 
revolves, three cylinders are put on fuel and three are kept on starting air; 
with a further rotation of the shaft referred to, all cylinders are cut off 
from the starting air, and continuing the rotation all six cylinders are put 
on fuel, The whole operation lasts only 7 to 10 seconds. There are two 
pairs of cams for each cylinder on the camshaft, one pair for fuel and the 
other pair for starting air, and by altering the position of the cam rollers 
mounted on a swinging lever, the ahead or astern cam for fuel and air is 
brought into operation. The swinging lever is moved by hand through 
worm gearing, an index pointer showing the operator when the desired 
position is attained. The starting platform is at the level of the cylinders 
and situated at the forward end of the engines which are all fitted abreast 
in the ship. Being over the air compressors the platform is readily accessible 
for the control of each pair of engines by one man. An emergency cut-out 
is fitted to each engine, so that should the crosshead lubricating oil pressure 
fall below that considered safe for full power working, the fuel is cut off 
the cylinders through the medium of the governor control. By opening a 
small valve connected to the starting air supply all engines can, in case of a 
sudden emergency, be immediately stopped from either the upper or the 
lower platforms. The internal lubrication of the cylinders, air compressors, 
and fuel valve motion shafts is by means of forced oil feed pumps with 
visible discharge. Each point at which lubricant enters is supplied by a 
separate plunger. Each container or multiple pump chamber is fitted with 
16 pumps in two groups of eight, and the plungers are operated through 
skew gearing and a ratchet drive from eccentrics on the camshaft. The 
same eccentrics serve for the indicator gear fitted to the main cylinders. 
The usual tachometer and counter is fitted at the starting position driven 
through bevel gearing from the camshaft, also an electrically-operated 
telltale to indicate on the bridge the revolutions of each main engine. 
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SCAVENGING ARRANGEMENTS. 


A double row of scavenge ports is made use of, the upper row being con- 
trolled by automatic multiple disc valves which open when the exhaust 
pressure in the cylinder falls below that of the scavenge air, while the lower 
row is uncontrolled admitting scavenging air as soon as they are uncovered. 
As the piston is nearing the bottom of the stroke, the upper scavenge ports 
are uncovered by the piston, the automatic valves preventing any communi- 
cation between the cylinder and the scavenge receiver; the exhaust ports 
then open, relieving the pressure, and the scavenge air enters by both the 
upper and lower ports being directed upwards into the cylinder to sweep the 
products of combustion out through the exhaust ports. When the piston 
closes the exhaust ports on the compression stroke, the air in the cylinder 
is at a pressure slightly above atmosphere; but the upper ports being still 
open, admit a supercharge of air until the pressure is that of the scavenge 
air or until the piston closes the upper ports. The automatic valves are 
housed in groups in the scavenge receiver which extends the whole length 
of the engine. There are five groups of six valves to each cylinder, making 
a total of 720 valves in the ship, but being of an extremely simple type— 
flat steel discs—they require little or no attention, and this design is a distinct 
improvement on the rotary valves which were positively operated by a shaft 
extending the whole length of the scavenge receiver and driven from the 
vertical shaft. The scavenge air is supplied by three motor-driven turbo- 
blowers, illustrated elsewhere, each of which is capable of discharging 560 
cubic feet of air per second against a pressure of 1.75-2.1 pounds per square 
inch, and when the main Diesel machinery is developing full power two of 
the scavenging blowers will be in use with the third acting as a stand-by. 
These blowers are constructed by Brown Boveri & Co. at Baden, and are 
the largest of their type yet built, and each of these is a self-contained unit 
consisting of a centrifugal blower capable of delivering 34,000 cubic feet of 
air per minute, delivery pressure 16.5 per square inch absolute, an electric 
motor running at speed variable between 2000 and 2600 R.P.M. and wound 
for 220 volts D.C., and a switch cubicle containing the necessary switchgear 
and instruments. The three sets are erected in a specially constructed 
suction chamber specially designed and insulated by Mascolite—a combina- 
tion of cork and hard felt—to prevent the noise of the indrawn air being 
noticeable in the ship. The blower has a single stage impeller overhung 
on the common motor and blower shaft. The spiral casing is bolted to the 
bedplate, the air inlet being conical and arranged axially and the outlet 
tangential and pointing downwards. Special diffuser vanes are provided for 
control of the pressure-volume characteristic. The motor is of the standard 
Brown Boveri high speed drip-proof enclosed ventilated pattern, compound 
wound to prevent excessive speed variation, and fitted with interpoles to 
provide for sparkless running. The commutator is designed to permit free 
expansion with heat, and the segments are held together strongly to with- 
stand centrifugal stresses. The common shaft for motor and blower is 
carried in two bearings, that at the blower end being a combined supporting 
and thrust bearing, Both bearings have forced lubrication, oil under pressure 
being taken from the main engine, but are also fitted with emergency oil 
rings. The motor is controlled by a special switch cubicle fitted with a ‘con- 
tactor type starting switch with no-volt and overload release and non- 
corrodible iron resistance elements. A shunt regulator giving a speed 
control of 25 per cent to the motor, moving coil ammeter and a lighting 
outfit, are also provided. The controllers for the turbo-blower motors are 
conveniently situated at the forward end of ‘the main starting platform 
adjacent to each motor. 
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EXHAUST ARRANGEMENTS, 


The exhaust gases pass from the cylinder through ports at the opposite 
side of the liner to the scavenge ports into a water-cooled collector extending 
along the back of the engine. At the middle of the length the exhaust from 
the port and starboard center engines is led to independent silencers placed 
in the center engine hatch and from thence up to near the top of the aft 
funnel. Silencers are also placed one in each of the wing engine hatches to 
deal with the exhaust from the wing engines, this arrangement admitting 
of the exhaust pipes being kept as free from acute bends as possible. At the 
boat deck the wing exhaust pipes cross over and enter the funnel and the 
four pipes are led up independently to near the top, where in order to avoid 
any possibility of sparks being emitted, the gases are efficiently baffled before 
escaping to the atmosphere. Each exhaust pipe is 2914 inches in diameter, 
and is built of steel in straight lengths with cast-iron bends, provision being 
made for expansion by the use of sliding pieces in packed glands. The part 
adjoining the engine is supported on springs to prevent the transmission of 
vibratory motion. In order to utilize to some extent the heat in the exhaust 
gases, a special cast-iron fresh-water heater for ships’ purposes is fitted 
round the two inboard exhaust pipes, and this has the useful effect of cooling 
the gases still further before entering the silencer. 


WATER-COOLING ARRANGEMENTS. 


In the Aorangi, sea water is used throughout for cylinder and piston 
cooling. Two centrifugal motor-driven vertical pumps, supplied by Drysdale 
& Co., are fitted, each capable of delivering 600 tons per hour against a 
head of 60 feet—sufficient for the jackets of the four main engines under 
tropical conditions of temperature. The waiter is filtered thoroughly through 
perforated plate and woven fiber before entering the pump and is discharged 
first to the air compressor and air coolers. Valves are so arranged that the 
water can be shut off either compressor on each engine in case of a burst 
cooler tube. A direct overboard discharge is taken from the high-pressure 
air compressor cylinder cover for regulating the temperature at that point. 
The remainder of the water passes through the cylinder jackets to the 
covers and thence to the exhaust pipes at the back of the engine and over- 
board. The circulating water for cooling the fuel valves is taken through 
a bypass from the water space in the cylinder covers. For cooling the 
pistons two motor-driven geared duplex bucket pumps, by G. & J. Weir 


‘Limited, are fitted—one working and one stand-by—each capable of deliver- 


ing 130 tons per hour against about 130 feet head. After filtration the 
water enters the pistons through telescopic pipes attached to a bracket fitted 
to the colurfins, the outlet being arranged in a similar manner through 
telescopic pipes from the other side of the piston diametrically opposite the 
inlet. A sight flow funnel with a thermometer bracket is arranged at each 
piston outlet. Two bilge-pumps, one electrically driven, supplied by G. & J. 
Weir Limited, and the other steam-driven, by Thom Lamont & Co., are 
fitted for discharging the piston cooling water overboard. One of these 
pumps only is required for this duty, and generally the steam-driven pump 
will be a stand-by to the electric pump. As a result of experiments carried 
out with a piston of similar dimensions to that fitted in the engine, and 
running at corresponding revolutions, the Sulzer standard design of piston- 
cooling arrangements has been slightly modified and on trial has proved to 
be very efficient. The pressure of the water for the piston-cooling service 
is reduced so that under certain conditions the same supply as for the jackets 
may be utilized. Further, the piston will have the crown drowned under 
all conditions of running, instead of as originally designed, depending on 
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the splash of water impinging on the crown which, when the speed of the 
engine is reduced below a certain limit, does not act on account of the 
gravitational forces overcoming the inertia forces of the water. 


LUBRICATING SYSTEM, 


For supplying oil to the main bearings a Weir motor-driven, geared twin- 
bucket pump is fitted as working, and there are two steam simplex pumps, 
also by G. & J. Weir Limited, as stand-by. The oil can either be passed to 
a large tank in the engine hatch, flowing from there to the engine by gravity, 
or it may be pumped direct to the bearings, &c., should a higher pressure 
be required at any time. A separate supply is fitted to each main crankshaft 
bearing, and, by suitable holes in the crankshaft, the oil is led from the 
journals to lubricate the crank-pins. The independent lubricating pumps 
also supply oil for cooling the crosshead guides, and by means of small 
holes fitted with control plugs, jets of oil are led from the back to lubricate 
the guide faces. The crossheads have a separate high-pressure supply, 
obtained from a pump driven by a crank fitted at the forward end of each 
main engine, as described previously. In case of emergency the engine can 
be run at reduced power, with the gravity or main bearing supply bypassed 
to the crossheads. The oil is drained into two large drain tanks situated in 
the double bottom, and before reaching the pumps it passes through magnetic 
strainers on the suctions. Fine-mesh gauge filters (in duplicate) and a 
Serck cooler are fitted on the pump discharge. The cooling water for the 
oil cooler is taken from the main jacket-cooling supply. Large oil-storage 
tanks are fitted at the main deck level for bearing and cylinder oil, and, 
together with the tanks in the auxiliary engine room and in the double 
bottom, a total of about 65 tons can be carried. For renovating the bearing 
oil, a motor-driven centrifugal separator is fitted in each engine room, one 
being of the well-known Sharples type and the other of De Laval type, and 
a large settling tank complete with heating coils is arranged in the engine 
hatch alongside the gravity tank. The question of filling such a large 
quantity of oil from barrels or tanks into the ship is very important, and to 
enable this to be done in the shortest possible time a motor-driven portable 
pump is stowed in the fuel-oil filling recess at the forward end of the engine 
room. The pump can either be worked from the ship or placed on the quay 
alongside the barrels, and is provided with large portable hoses. Pipes are 
led from the filling recess to the various storage and reserve tanks, 


FUEL-OIL SYSTEM, 


The fuel-oil tanks are between the main and auxiliary engine rooms and 
in the double bottom under the main engine room. One tank is arranged 
for boiler fuel oil and the rest for Diesel oil, They may be filled from 
either side of the ship through large filters, the overflow being led to two 
large settling tanks in the main angine room built into the ship’s structure. 
Two transfer pumps, supplied by G. & J. Weir Limited, deal with the oil 
from the fuel bunkers to the settling tanks, and for filling the auxiliary 
engine daily-service tanks, and also through a separate line of piping for 
the boiler-oil settling tanks. Two float-controlled service pumps, also by 
G. & J. Weir Limited, one working and one stand-by, pump the oil from ‘the 
settling tanks to the engine service tank, which is situated at the aft end of 
the engine room and at a sufficient height above the fuel pumps of the engine 
to feed the latter by gravity but stil! with insufficient head to lift the suction 
valves. A float in the service tank controlling the steam supply to the 
pumps keeps the oil level constant. All the bunker and settling tanks are 
fitted with mercury column-depth gauges, and as the settling tanks for both 
the main and the auxiliary engines are of sufficient capacity for 12 hours, 
an accurate measure of the consumption can be recorded. 
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AIR-STARTING SYSTEM. 


Starting air is stored in 10 steel bottles at 1000 pounds per square inch, 
and two large built receivers, at 350 pounds per square inch, with a reducing 
valve fitted between so that the low-pressure receivers are always fully 
charged. While the engines are’ running the surplus from the main engine 
compressors and from the auxiliary Diesel engine compressors are used to 
make up. the starting air, and in addition, two motor-driven compressors, 
supplied by Reavell & Co., Ipswich, illustrated elsewhere, each of 150 cubic 
feet of air per minute capacity, and 1000 pounds per square inch pressure, 
are fitted. These compressors are of the three-stage intercooler type, and 
the motor and compressor are mounted on a common bedplate with Mascolite 
felt beneath to prevent the inertia of the moving masses imparting vibrations 
to the hull. With the ample supply of storage air and the make-up available 
from the main engine and the auxiliary engine compressors, it is not antici- 
pated that these auxiliary compressors will be in frequent use. A small 
steam-driven emergency compressor, also supplied by Reavell & Co., is fitted, 
so that when the ship is “airless” a sufficient number of bottles can be readily 
filled for starting the auxiliary Diesel engines, when the motor-driven com- 
pressors can then be brought into use. As a reserve to the injection air, two 
of the high-pressure bottles can be isolated from the reducing valve and 
held at full pressure in case of emergency. Drains are fitted at necessary 
points in the system, also water and oil separators, and flame arresters as 
required by the Board of Trade. 

For supplying the current necessary for the many electrically driven 
auxiliaries four Sulzer Diesel engines are installed, three working and one 
stand-by, each coupled direct to a 300-Kw. generator, supplied by W. H. 
Allen, Sons & Co., Bedford, running at 200 R.P.M. and generating current 
at a voltage of 220. The engines were built by Sulzer Bros. at their 
Winterthur Works, and are of the two-stroke cycle type, each having four 
cylinders 340 millimeter diameter by 540 millimeter stroke. 


BOILERS. 


In the forward end of the auxiliary engine room between the generator 
engines are placed two single-ended multitubular boilers 13 feet diameter 
by 10 feet 6 inches long, each having three oil-fired furnaces. The boilers 
and stokehold are entirely screened off from the remainder of the auxiliary 
engine room so as to ensure satisfactory draught of air for the furnaces, and 
also to preserve cleanliness in the engine room. The usual steam auxiliaries 
for the boilers and for ship purposes are situated in this engine room—feed 
pumps in duplicate by G. & J. Weir Limited, oil fuel burning installation of 
Wallsend-Howden type in duplicate, and an auxiliary condenser with its 
circulating pump, air pump, float and filter tanks. In the auxiliary engine 
room there are also fitted two motor-driven sanitary pumps similar in design 
to the jacket cooling pumps, supplied by Drysdale & Co., a steam-driven 
general service pump by Thom Lamont & Co., a steam-driven ballast pump 
by J. H. Carruthers & Co., a Weir evaporator and a Caird & Rayner distiller. 

The four main propelling shafts are fitted in an open tunnel, and all the 
bearings are provided with water circulation. The propellers are of solid 
bronze, all being the same diameter and pitch so that due to slight differ- 
ences in wake between the outer and the inner propellers the engines can 
develop equal powers at slightly different revolutions, thereby obviating 
possible troubles which may arise from synchronism. 

There is a well-fitted engineer’s porn op, containing a Drummond lathe 
in addition to other fittings of the usual type. A Tompkins’ steam dryer is 
fitted for the whistle. 








NOTES. 


TRIAL RESULTS. 


The principal results of the official trials are tabulated below :— 


(a) On the measured mile :— 


Indicated Horsepower ............. Pacman imesh 15,500 
Brake Horsepower .....5.scsecssccenevseevceves 12,400 
Revolutions per minute.........-+..seeeeeeeee eens 125.4 
Sneed, ws Mente a i vices « hn: sserey eee b-v srainre on oo io'g 18.237 
(b) 60 hours’ sea trial, average results : — 
Indicated Horsepower eis a BAD te Scapaix s Bene cates ieiions 15,300 
Pivhlde: DLOTSROO WER awiawieis x. sin dea wyisiete ecg <tc smnsie 12,200 
Revolutions. per minute............:cceeeeeeeeeee 123 
SOA. 590 pARION G iie:s iki csay eid bis aialcnae whN Me bers 17.91 
Fuel consumption (pound per brake horsepower 
per hour)— 
Wat) ONGIIES 6 A sisciinien s iisilas cxcmmmtabaiey «eppe 395 
Auxiliary Diesel engines............-.seee005 .036 


During the 60 hours’ trial the vessel was cruising in the Irish Sea, St. 
George’s Channel, and along the South Coast of Ireland to Fastnet.—“The 
Marine Engineer and Motorship Builder,” Jan., 1925. 





KRUPP’S BIG BATTLESHIP DIESEL ENGINE. 


SERIES OF EXPERIMENTAL ENGINES LEADING UP To FINAL DESIGN AND 
COMPLETION OF A S1Ix-CyLINDER 12,000 S.H.P. Two-CycLe Set 
YIELDED A WEALTH OF ENGINEERING INFORMATION. 


By Dr. LANDAHN. 


As early as 1911, when the German naval administration authorized two 
prominent builders—M.A.N. and the Krupp Germaniawerft—to proceed 
with the development of 12,000 horsepower Diesel engines for battleship 
drive, the vast possibilities of this new type of prime mover were already 
realized. The foresight of the German government is of the greatest value 
today in merchant motorship construction. 

Progress with these two large Diesel units was hampered by the outbreak 
of the World War and all German naval engineering efforts were bent to 
the production of a Diesel engine of an entirely different character, the 
U-boat type. Nevertheless, relatively rapid advances were made with the 
high-power double-acting engine, as the readers who followed the series of 
articles which appeared in “Motorship” a year ago will recall. The engine 
which was there described was the product of the Augsburg plant of the 
M.A.N.; and although the impression may have become current that this is 
the only firm which was thus engaged, it is nevertheless true that a second 
firm—the Krupp Germaniawerft of Kiel—made equally strenuous efforts 
to produce a workable Diesel — of the double-acting two-cycle type 
capable of developing 12,000 S.H 

For Krupp’s original experimental engine only one cylinder was built and 
it was expected to yield 2000 S.H.P. with bore and stroke dimensions of 
34.45 X 41.34 inches. Owing to the occurrence of a critical speed at 108 
R.P.M., which made it impossible to run at higher revolutions, and to an 
insufficient supply of injection air, it was impossible actually to develop 
more than 1510 S.H.P. during the test with this engine. During another 
test at 110 R.P.M. the engine shaft broke between the flywheel and the 
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main bearing; subsequent examination showed that extremely poor founda- 
tions had allowed the engine to settle and that it had been thrown seriously 
out of alignment while running. 

Since low weight per horsepower is an canuntie’ requirement for naval 
work, the open-type steel-column construction characteristic of high-speed 
destroyer engines was selected. It consists essentially of a bedplate sep- 
arated by means of forged-steel framework from an entablature, on which 
latter the cylinders are mounted, and was retained throughout the entire 
range of experiments with varying cylinder designs. 

Naturally the greatest interest centers on the cylinders, as indeed corre- 
sponds to the fact that the place where trouble first became manifest was 
in the cylinders and cylinder heads. Four separate castings comprised the 
water jacket, the two central ones accommodating the exhaust passages. _ 
The two extreme cylinder jacket castings have pressed into them the thin 
shells comprising the actual liners and the top and bottom cylinder heads 
are placed inside the cylinders. Neither studs nor bolts are used for fasten- 
ing the cylinder heads; that they rest against shoulders against which they 
are urged by the gas pressure; and that they must be inserted before the 
upper and lower cylinder ends are assembled. This principle of avoiding 
all forms of screwed fastenings in the design of the cylinder heads and 
liners, was adhered to throughout the entire series of experimental con- 
structions. 

Valve scavenging not unlike that of the earlier M.A.N. engines was em- 
ployed for the 1911 single cylinder machine, a design which entailed compli- 
cated pocketing of the extreme ends of the water jackets and precluded the 
use of regular, symmetrical forms for the cylinder heads. Owing to the 
limitations of power output already referred to and to the termination of 
the tests with this engine as the result of the crankshaft breakage and mis- 
alignment described above, there was no real opportunity to ascertain the 
operating characteristics of the valve scavenging construction, 

The overall results from the single-cylinder engine were such as to justify 
further experimentation and in July, 1912, a three-cylinder valve-scavenging 
engine rated at 6000 S.H.P., and embodying no radical departure from the 
foregoing design, was ready for starting up. Since the liner of the single 
cylinder had cracked near the upper end, the second machine was built 
without any separate cylinder liners at all, the piston working directly in 
the integral cylinder casting. The use of four scavenging valves and two 
fuel valves in each cylinder end was repeated. 

Unusual interest attaches to the valve gear of this engine, which was of 
the pure hydraulic type. It does not take much imagination to see that the 
accommodation of camshafts and levers for 10 valves to each cylinder, each 
of them inserted at a different angle, constituted a mechanical problem 
gladly avoided by the designer. He therefore decided to actuate all of the 
valves by oil under pressure, the latter being supplied by means of a pump 
driven by a cam timed and formed exactly as it would have been for use 
in connection with the normal mechanical valve drive. 

A hydraulic nay gear consists essentially of an active plunger (see illus- 
tration) moved by the cam, connective tubing filled with oil, and a passive 
plunger on the valve, which is returned to its seat by means of a spring in 
the usual manner. ‘Any movement of the active, or cam-driven plunger 
causes a displacement of oil along the tube, from which a corresponding 
movement of the passive, or valve plunger results. As the cam passes on 
under the active plunger, allowing it to recede, the valve-spring is permitted 
to return the passive plunger, which returns the oil to the active plunger, 
causing it to follow the cam outline: In this system, steel -tubes replace 
the shafts, levers and rollers which ordinarily constitute a mechanical valve 
gear. 
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Any air in the system is of course fatal to its operation and unreplaced 
leakage past the plungers also causes diminution of the valve motion like 
the play of mechanical valve gears. Make-up valves are therefore placed 
in the hydraulic lines; they are nothing more than check valves which 
replenish the oil from an outside supply whenever its volume becomes less 























Turis HypRAULICALLY OPERATED FueL Va.ve Is Ratsep Orr Its SEAT BY 
Or UNbER PressurRE ACTING ON THE SMALL PLUNGER. 


than that of the system in which it works. In order further to insure 
against yacuum being formed and to prevent the entrance of air in a positive 
manner, the supply to the replenishing checks is put under pressure from a 
small pump driven from the engine. It has a spring-loaded overflow valve 
which prevents the pressure of the make-up oil from rising beyond the 
point where it could move the valve plungers independently of any motion 
on the part of the active plungers. That this system worked excellently in 
connection with the three-cylinder 6000 S.H.P. double-acting Krupp engine 
is claimed by an eminent German authority. 

In other respects, however, the working of the 1912 engine left something 
to be desired. Cracking at the necks formed by the intersection of the 
scavenging valve pockets and the combustion space was so serious a factor 
that it compelled the replacement of the cylinders. 

Owing to insufficient confidence on the part of the designers in the efficacy 
of port scavenging, a complete elimination of the scavenging valves and 
their pockets was not resortéd to in the next design (1913-1914); rather a 
combination of port and valve scavenging was adopted. In addition to the 
scavenging ports, four scavenging valves of greatly reduced djameter were 
now employed. An improvement was thus effected, but it became apparent, 
also, that complete success would be unattainable as long as the integral 
construction of lmer and jacket would be retained. 

As the result of these considerations the cylinder liner and combustion 
space were again made in separate pieces and a cylinder head with a dome- 
shaped interior was produced; the latter resting against the closed end of 
the water-jacket casting. Cast-iron, bronze, cast-steel, and cast nickel-steel 
were used for these dome-heads and of the four, the nickel steel manifested 
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the least tendency to crack. With the others, cracks occurred in the lower 
head at the neck formed by the intersection of the stuffing-box neck with the 
crown. A cast iron ring pressed in over the radius remedied this trouble. 

One of the most interesting results of the tests with the dome-heads was 
the realization that the small scavenging valves were 100 per cent useless. 
Owing to the insufficient supply of air, coming partly from these valves 
and partly from the ports, smoking of the exhaust occurred at lower powers 
than before—at 4500 S.H.P. to be exact—and the capacity of the machine 
appears to have been reduced. Nevertheless a maximum output of 5280 
S.H.P. at 150 R.P.M. was ultimately realized. By way of experiment, the 
hydraulic gear was disconnected from the scavenging valves in order to 
render them inoperative, a procedure which in no way affected the capacity 
of the engine and led to the permanent blanking-off of the valve openings 
with water-cooled dummies. 

Cracking of the pistons was encountered at the point where the lower 
piston crown rests against the piston-rod flange. Since these cracks were 
circumferential, they led to the inference that the load concentration in that 
region was excessive and the conical support marked a on the drawings 
remedied the trouble. 

In 1915 a complete six-cylinder engine with the same stroke and bore 
dimensions as before (41.34 < 34.45 inches) was burtlt and put into operation. 
This was entirely a port scavenging machine and had no openings in the 
cylinder heads other than those required for the two fuel valves and for the 
starting and relief valves. Symmetry of form had been sacrificed in the 
design for the sake of providing deflection surface to guide the scavenging 
air currents; at the same time the recesses which were thus produced served 
as a part of the combustion chamber. Circumferential cracking of the lower 
ends of the cylinder liners at the point marked f was eliminated by making 
that portion of the liner which extended below the liner flange as a separate 
ring; in other words, by artificially producing the crack in advance of its 
natural occurrence, and thereby preventing it from spreading to vital regions. 

Many minor accidents and disturbances, such as cracking a lower cylinder 
head by a loosened spray-valve nozzle and the damaging of the entire engine 
by a sudden stoppage of the cooling-water supply, continually postponed the 
day on which tests under full load conditions could be run. Compressor 
troubles were finally disposed of by the purchase of independent compressors 
each driven by a six-cylinder four-cycle Diesel engine of 1000 S.H.P.; this 
is an interesting commentary on the size of the engine under experimentation. 

The actual full rating of 12,000 S.H.P. was actually attained for a period 
of one hour, in the course of which mean pressures of 103.1 and 78.9 pounds 
per square inch were indicated in the top and bottom cylinder ends respec- 
tively. A five-day run at a mean output of 10,600 S.H.P. was made with 
98.1 and 73.4 as the values for these figures, while the fuel consumption 
amounted to 0.53 pound per S.H.P. hour. It is hardly worth while to go 
into further details concerning the tests, in view of the fact that at the end 
of the five-day run five out of the six cylinders were found to have cracked. 
around the stuffing-box and in other places. There appears to be little doubt 
that the engine was over-rated, particularly if the cubic feet of fresh air 
actually made available by the scavenging system employed are taken as a 
basis. The realization of this fact led to a series of highly refined experi- 
ments for the purpose of determining a suitable port scavenging system. At 
the same time an entirely new design was laid down, in which the following 
requirements, as taught by previous experiences, were to be taken into 
account : 

The abrupt transition between the lower head and the mouth of the 
_stuffing-box must be avoided, since the neck of the latter remains cool while 
the rest of the head expands away from it. 
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Intersections at other places, such as the entrances to the fuel valve 
pockets require more intensive cooling, to be secured either by the use of 
new forms or of thinner walls. 

‘ Avoidance of the submerged flange between the head and the cylinder 
iner. 

Erosion of the piston surface by the fuel valve jet should be minimized 
by properly forming the combustion space. Higher power with good com- 
bustion to be secured as the result of a more careful working-out of the 
port scavenging method. 

Particularly the last-mentioned phase of the design evolution—port scav- 
enging—appeared to need careful study, with the result that elaborate 
experiments were made along these lines. One of the central cylinder 
sections from the double-acting engine containing the exhaust and inlet 
ports was set up with a glass cylinder of 34.4 inches internal diameter set 
on top of it. A wooden cover of the same shape as that of the cylinder 
was fitted and a wooden piston was arranged to travel back and forth over 
the range of the ports by a suitable mechanism which imparted the same 
motion as that occurring in practice. Means for measuring the dynamic 
pressure of the air over a vertical plane was placed along a diameter at 
right angles to the centerline of the ports. In addition to that, wires with 
small streamers tied to them were strung across the cylinder and ‘the entering 
air was saturated with sawdust to make its currents visible. 

It was indicated by the first of the readings that appreciable velocities 
occurred only near the piston top and that they were highest in the “corners” 
near the cylinder walls. While there was practically a short-circuit across 
the top of this piston, a dead eddy, useless as far as scavenging effect was 
concerned, occupied the upper portion of the cylinder. This was the shape 
of ports and piston used with the six-cylinder 12,000-horsepower engine 
already described and it is easy to see that at least a part of the heat 
troubles encountered in it were due to sluggish and delayed combustion 
caused by insufficient air supply. 

The fitting of a sharp deflector edge to the piston in place of the 7-inch 
radius previously employed, reversed the picture, producing a vertical upward 
travel of the air along the cylinder bore on the inlet side. After reaching the 
cylinder top the stream went across and down the opposite side to the exhaust 
port, leaving the dead eddy immediately above the piston. Short circuiting, 
at least, was now avoided; on the other hand, a sharp feather edge would 
not be likely to last long on a piston exposed to the severe combustion space 
conditions. 

Replacement of the radius on the deflector pocket of the piston with the 
addition of a backward rake to the wall of the pocket produced a com- 
promise. During certain parts of the piston’s movement across the ports 
the overhead loop was produced, while near the bottom dead center short- 
circuiting again took place. 

As between the overhead stream and the short-circuiting along the piston 
crown, the former would appear to be preferable in view of the fact that 
energetic flow towards the exhaust ports has already been initiated at the 
moment when the scavenging begins. 

An extended study of the scavenging process occurring in the lower end 
of the double acting cylinder was also made, as the result of which the 
effect of the piston rod could be analyzed. As with the top end, it was 
found that the deflector edge of the piston was an important factor, which 
could make the air stream either hug the walls or short- circuit across to 
the exhaust openings.—“Motorship,” Jan., 1925. 
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THE DEVELOPMENT OF THE MOTORSHIP. 


Tuis ArticLE DEALS COMPREHENSIVELY WITH THE DEVELOPMENT OF THE 
MotorsHIP AND MATTERS CoNNECTED THEREWITH DURING THE 
Last Two YEaRs. 


The most striking feature in the development of the marine Diesel engine 
during the last eighteen months or so is undoubtedly its application to an 
increasing number of ship types. Corresponding to this application have 
been modifications to the design of various makes of engine in order to 
enable them to fit in with the special requirements of the types in question. 
The period under review has seen also the advent of the double-acting Diesel 
engine and its successful application to ocean-going vessels, and has wit- 
nessed a concentration of attention upon the problems associated with and 
the possibilities of transmitted drive. This latter question the student of 
such matters is now able to view in practical form from all angles—electric 
transmission, fluid transmission, and mechanical transmission. Matters con- 
nected with fuel oil for motorships have also received much attention, with 
the result that there is now a wider range of fuel oils to choose from than 
in the early days of motorship operation. This wider choice of fuels has 
not been made possible without bringing corresponding problems in its train, 
and so we have seen no small concentration upon the perfection of mechanical 
devices for the purification of fuel oil on its way to the engine cylinder. The 
increasing use of oil as an all-round marine fuel has necessitated also the 
introduction of devices for the separation of oil from oily ballast water, 
while the fact that so much oil is being used for marine purposes has led 
many people, by no means alarmists, to examine the possibilities of obtaining 
commercially fuel oil both from low temperature carbonization of coal, and 
from shale in preparation for a possible shortage. It will be seen, therefore, 
even from the brief review given above, that the last two years or so have 
been, as far as the development of the motorship is concerned, very busy 
years, and it is considered, therefore, of interest to examine in detail a few 
of the principal lines upon which progress has been carried out. 


PASSENGER-CARRYING MOTORSHIPS. 


In considering the increasing number of ship types to which the marine 
internal combustion engine has been applied, an observer is at once con- 
strained to remark that the passenger vessel is perhaps the most outstanding 
in this respect. Now there are several classes of passenger vessel and in 
all of them the problems associated with design are of a specialized, and in 
some cases, intricate nature. Thus, there is the fast ocean-going mammoth 
with shaft horsepower round about the 70,000 figure, the smaller passenger 
and mail liner with power in the more ‘normal region of 15-16,000, the 

ocean-going intermediate passenger cargo liner with powers ranging from 
6-10,000 shaft, and corresponding to these in the sea-going category the fast 
cross-channel steamer with powers ranging around 12,000 and the inter- 
mediate sea-going passenger-cargo vessel developing up to about 6000 S.H.P. 
Up to the time of writing, the ocean-going mammoth remains outside the 
scope of the marine Diesel engine. This is not so much because of. the 
inability of this prime mover to reach the powers in question as on account 
of the difficulty of getting this power within reasonable weight, size and 
height. The tendency of thought at the present moment, in fact, seems to 
indicate that such powers, when they are attained, will only be reached by 
some form of transmitted drive such as electric or hydraulic. The latter 
certainly has a great deal to recommend it, and it is interesting therefore to 
study carefully the outlay of machinery for a proposed passenger and mail 
liner of 750 feet between perpendiculars and 22.5 knots speed illustrated in 
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Fig. 1. This arrangement has been prepared by the Vulcan Werke, Ham- 
burg and, in conjunction with 16 prime movers and Vulcan-Fottinger 
mechanical-hydraulic clutches, is designed to develop 42,000 S.H.P. on four 
shafts and with a very conservative amount of head room. The prime 
movers are 8-cylinder, short stroke, high speed, non-reversible, solid injection 
Diesel engines of trunk piston type, having cylinder diameters of 640 milli- 
meters by 700 millimeters stroke and running at 230 R.P.M. The main 
propeller shafts, driven as mentioned through Vulcan-Fottinger hydraulic 
clutches and reduction gearing, run at 135 R.P.M. It may be argued against 
this suggestion that such a number of prime movers is excessive and that 
fuel and lubricating oil consumption will be abnormally high, but against 
these disadvantages must be set the advantages that with the total power 
split up into such a large number of units, in the event of trouble occurring 
with any one unit, it can be disconnected without affecting materially the 
running of the ship. Also the engines have all the advantages associated 
with prime movers running constantly in one direction and not subjected to 
violent variations in load and, most important of all in passenger ship work, 
there is definitely a saving in head room over large direct-coupled, single- 
acting units. As yet, the idea is in the nature of a proposition, but it 
certainly merits close attention. 

Somewhat the same problems which have hitherto militated against the 
adoption of the Diesel engine for mammoth passenger liners have to be 
faced in propositions for fitting such prime movers to fast cross-channel 
steamers of 18 knots speed and over, apart from the fact that it is still 
doubtful whether oil as a fuel, even with the great saving in standby losses, 
is a commercial proposition for all such services—particularly the railway- 
owned ones, The same considerations of getting the required power into a 
reasonable space have again had to be faced, and added to this, is the fact 
that in most channel vessels draught is necessarily limited. So that here 
again, there would seem to be an indication that some form of transmitted 
drive will eventually solve the problem. 

In ocean passenger and mail liners of 25,000 tons displacement and under, 
and of about 16,000 shaft horsepower, there has been during the period 
under review a very interesting series of developments, and this applies also 
to smaller vessels of intermediate type down to vessels of about 3000 tons 
displacement intended for sea-going work. Foremost among all these vessels 
is undoubtedly the 23,000-ton displacement Aorangi,* which the Fairfield 
Shipbuilding & Engineering Company completed towards the end of last 
year for the Union Steam Ship Company of New Zealand Limited, for their 
service between Vancouver and Sydney. This vessel has the distinction of 
being the largest ocean-going motor passenger and mail liner yet completed, 
and she is moreover of distinct interest in that her 13,000 B.H.P. is given 
on four shafts direct coupled to four 6-cylinder single-acting two-stroke 
cycle Sulzer Diesel engines running at about 127 R.P.M. Her service speed 
is 18 knots, and it will be seen therefore that she represents the most pro- 
gressive departure in motorship practice yet in service. Her accommodation 
is of a very high standard of comfort and she is in every way a notable 
motorship. It is an interesting fact also that although the first motor pas- 
senger liner, she retains the funnels which are inseparable from that class 
of ship from the passenger point of view, apart altogether from questions ‘of 
technical necessity. Although the Aorangi is the largest motor passenger 
and mail liner it must not be forgotten that she is shortly to be followed 
by others—the Gripsholm for the Swedish American Line, two vessels for 
the Union Castle Line and two for the Royal Mail Steam Packet Company 
—all of about the same power and displacement, but propelled each by two 
sets of 3-cylinder Burmeister & Wain four-stroke cycle double-acting Diesel 


* For full description, see “Shipbuilding and Shipping Record,” January 1. 
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engines rated at about 1000 B.H.P. per cylinder. A comparison of the two 
machinery arrangements of these ships, when they are completed, will be of 
interest. As regards smaller motor passenger liners with a certain amount 
of cargo accommodation, a lot of work in this direction has been done 
notably in Germany, and perhaps the most interesting vessels of this type 
to be completed were the two 14,200-ton vessels, Monte Sormiento and 
Monte Olivia, built by Blohm & Voss Limited, Hamburg, for the Hamburg- 
South America Line, and fitted with four 6-cylinder Diesel engines coupled 
to two propeller shafts through mechanical reduction gearing and a special 
flexible coupling. These engines develop 7000 B.H.P. collectively, run at 
217 R.P.M., and drive their propeller shafts at 77 R.P.M. The ships them- 
selves carry 2,000 passengers. Mention might also be made of the Rio Bravo 
and Rio Panuco built by Krupps at Kiel for the Ozean Line, Flensburg, for 
service between Hamburg and Mexican ports. These two vessels, which 
are designed to carry between 80 and 90 first-class passengers, have a gross 
tonnage of 6500 tons and a deadweight capacity of 5400 tons, including 
bunkers. They have a speed of 13 knots which is given them by two sets 
of 6-cylinder four-stroke cycle Krupp Diesel engines direct coupled to the 
propeller shafts. They have cylinder diameters of 650 millimeters by 1000 
millimeter stroke, and running at 125 R.P.M. are rated at 1400 B.H.P., 
making a collective B.H.P. of 2800 B.H.P. for the ship. Two somewhat 
larger but comparable vessels were in 1924 laid down at the Cantiere San 
Rocco, Trieste, for the Lloyd Triestino Line. They are to have a dead- 
weight capacity of 10,000 tons with accommodation for 40 first-class pas- 
sengers and their propelling machinery will consist of two sets of four- 
stroke cycle single-acting Burmeister & Wain Diesel engines rated collec- 
tively for 3900 B.H.P., giving the ship a sea speed of 13 knots. As will be 
observed these ships will have no funnels. Other interesting examples might 
be quoted but it 1s convenient to place the particulars in tabular form as 
shown below. : 


TasLe I.—MotTor PASSENGER LINER DETAILS. 











S O “BP, peas E P. 1 
hip, Owners, *",.. |Tonnage, ngine Particulars. 
Service. 2 aa Dead- Remarks. 
pe weight 
Indrapoera......... 500 oe 2 sets 2-stroke cycle Sulzer, single- 
Rotterdam Lloyd 59 1500 acting. 7000 B.H.P., collective 
Line 38 at 85 R.P.M., direct coupled. 
Rotterdam-Java All electric auxilaries. 15 knots. 
Under construction. 325 pass. 
ee ee edt 390 = 2 sets 4-stroke cycle Burmeister 
Companhia Nacional 52 _ & Wain single-acting direct 
de Navegacao 29-5 coupled. All electric auxiliaries. 
Costeria Rio de 14:5 knots. Under construction. 
Janeiro 130 pass. 
“TEEEE | sc bke sw oes 390 — 2 sets 4-stroke cycle Burmeister & 
qeanen. Line 52°5 7100 Wain single-acting 3500 B.H.P. 
urope—East Indies | 28-0 collective. Allelectric auxiliaries. 
Under construction. 60 pass. 
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The two last vessels mentioned in the table above are of an intermediate 
category, especially the last one, which has a deadweight of 7100 tons, but 
they go to show what big strides have been made in this direction lately. 
The same is true with smaller sea-going vessels and several interesting 
intermediate passenger-cargo vessels have been completed ior service in 
tropical waters having deadweight carrying capacities of 1000 to 2000 tons, 
and some of them accommodation for as many as 200 passengers. It is 
interesting to note that in these vessels the propelling machinery adopted 
is nearly all of four-stroke cycle type, whereas in the larger vessels the 
choice has been more or less evenly distributed between the two- and the 
four-stroke cycle types. Perhaps the most noteworthy feature in the appli- 
cation of the Diesel engine to this class of ship is the placing, early in 1924, 
of a contract:with the Elsinore Shipbuilding & Engineering Company, Den- 
mark, by the United Shipping Company, Copenhagen, for a passenger and 
mail motorship of 1400 tons deadweight for their service between Harwich 
and Esbjerg. This vessel, which is to carry 124 first-class and 88 second- 
class passengers, will be the first motor passenger and cargo-carrying vessel 
to go on service in the North Sea. She will be propelled by two sets of 
six-cylinder, four-stroke cycle, Burmeister & Wain trunk piston engines, 
having a cylinder diameter of 550 millimeters by 900 millimeters stroke, 
developing collectively 3800 I.H.P. at 195 R.P.M. and giving the ship a 
speed of 15 knots. This vessel, which is to be named the Parkeston, will 
be placed on service this year. Other interesting vessels in this category, 
completed, or under construction, are listed below. 


Tas_e II. —SEa- -GOING Motor PASSENGER VESSELS. 





| Length | Gross | 
Ship, Owners, | 'Tonnage,| Engine Particulars. 
Service. Breadth,| Dead- Remarks. 





City of San Fran- | 300 3644 | 2sets6-cylinder4-stroke cyclesingle- 
cisco 45°75 | 3150 | acting Burmeister & Wain, 2600 
| 


Pacific Mail Co. 30-0 I.H.P. collective at 130 R.P.M. 
San Francisco-Pana- All electric auxiliaries. 12 knots. 
ma. | Passengers, 59 first, 60 second. 
COMET Si rs yest 315-7 3644 | 1 set 6-cylinder 4-stroke cle 
Straits S.S. Co. | 48:2 3009 single-acting Burmeister & Wain. 
Singapore-Free- 21:5 2200 I.H.P. at 117 R.P.M. All 
mantle electric auxiliaries. 12 knots. 


Passengers, 117 first, 44 second. 





Marudu, Straits | 262-6 1926 set 6-cylinder 4-stroke cycle 
S.S.Co. Malay | 41:5 — single-acting Burmeister & Wain, 
Coastal 18-2 2200 I1.H.P. at 117 R.P.M. All 

electric auxiliaries. 12 knots. 

350 passengers. 


— 


b 








Kistna, B.I.S.N. | 278 2300 


— 


set 6-cylinder 2-stroke cycle 








Co. Indian Coast | 39-75 1650 single-acting Neptune, 1100 

24 | B.H.P.,at125R.P.M. Allelectric 
| auxiliaries, 11 knots. First and 
| | deck passengers. 
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DREDGERS AND TUGS. 


Although passenger vessels have occupied considerable prominence in 
recent developments in motorships, the internal-combustion engine has also 
been applied to other merchant ship types with which the steam reciprocating 
engine has long been associated. Among these may be mentioned suction 
hopper dredgers, four of which have been completed for the U. S. Corps 
of Engineers of the Army. These vessels are propelled and their pumps 
are driven entirely by electricity. They have two engine rooms, one forward 
and one aft of the hopper well. The aft engine room contains the propelling 
machinery and generating sets, comprising a six-cylinder, four-stroke cycle, 
1000 B.H.P. McIntosh & Seymour Diesel engine driving a 700-Kw. West- 
inghouse generator. This supplies current to two double-unit type 480-volt 
Westinghouse motors, developing 800 B.H.P. at 90 to 100 R.P. we and giving 
the ship, when loaded, a speed of about 12 knots. The forward engine room 
contains the centrifugal pumping installation, comprising two generating 
sets of the type mentioned above, supplying current to a motor similar to 
the propelling motor driving a single 26-inch centrifugal pump at 140 to 
156 R.P.M. Control of both propelling and pumping machinery is centered 
in the bridge house. In America, also, the problem of the application of 
the marine Diesel engine to tugs has received considerable attention, and 
there also the application has been in the nature of a transmitted drive— 
electric transmission to be exact—with control from the bridge. The tugs 
so fitted have proved very successful on service. 


TRANSMITTED DRIVE. 


This leads us now to a consideration of another line upon which progress 
has been made, viz., transmitted drive. Transmitted drive embraces all 
forms of propulsion in which the prime mover is not directly coupled to 
the propeller shaft, either direct mechanical gearing for speed reduction, 
or fluid coupling and reduction gearing, or electric transmission, but all these 
systems embrace the co-relation of best speed of propeller to best speed of 
prime mover, permitting at the same time a flexible connection between 
prime mover and propeller. Two recent developments in this direction have 
already been touched on, the Blohm & Voss flexible coupling and electric 
transmission as applied to dredgers and tugs. A third development is the 
application of the Vulcan Fottinger hydraulic mechanical clutch and reduc- 
tion gearing to a 2000-ton deadweight demonstrational cargo vessel. The 
Vulcan clutch consists of an ahead and an astern coupling and a toothed 
Pinion in connection with one of two main prime movers which drive the 
propeller-shaft. The pinion is hollow, and through it runs the main prime 
mover shaft extension, which is rigidly connected: in the ahead coupling to 
a wheel, opposite which is another wheel attached to the pinion. The driving 
medium is lubricating oil under, pressure, which causes the driven member 
forward of the driving member to rotate and to drive the pinion which gears. 
with the main gear wheel. These ahead clutches are arranged at the for- 
ward end of the pinions, and the astern clutches, which are similar in con- 
struction and principle of operation, except. for the interposition between 
driving and driven blades of a number of fixed vanes which give reverse 
direction of rotation, are at the aft end of the pinions. The axial pressure 
of the oil balances the thrust of the single any gearing, and there is a 
Michell thrust block at the forward end of the main gear wheel. The 
astern coupling is smaller than the ahead coupling owing to the fact that 
only 65 per cent of the maximum ahead power is used for running astern. 
The gearing and the clutches are built together, forming one complete unit 
in a common cast-iron casing, The hydraulic clutches are of cast iron. The 
Pinions and the wheel rim, which is shrunk on to the cast-iron body of the 








180 NOTES. 


large gear wheel, are of special steel. The teeth are cut on a precision 
milling machine by the involute process. The shafts are of Siemens-Martin 
steel, and all bearings are lined with white metal. 
. A small motor-driven pump is used for circulating oil through the clutches 
for normal running, but for reversal all the oil is transferred from the 
ahead to astern clutch or vice versa by a more powerful centrifugal pump, 
gear-driven by a vertical shaft from the main shaft, a small Fottinger clutch 
being arranged in the drive so that by filling and emptying this clutch the 
main pumps are controlled for reversal of the engine. The vessel is stopped 
by emptying the clutches of oil altogether, the main engines, of course, 
running all the time and in the same direction and having a speed range of 
from 300 to 90 R.P.M., corresponding to 83 to 25 R.P.M. of the propeller, 
while a further reduction down to 10 R.P.M. of the propeller can be made 
by controlling the supply of oil to the clutches. It is interesting to note 
that, after one engine has been stopped for any reason for a period and if 
the other is running, the stopped unit may be started up again by simply 
opening up the compression cocks in the cylinder, turning on the fuel, and 
admitting oil to the clutch. The second engine then sets the first in motion, 
and then with the compressjon cocks closed, the engine picks up automatically. 
The Vulcan’s two main prime movers consisted of two 6-cylinder, four- 
stroke cycle, non-reversible engines, having a cylinder diameter of 350 milli- 
meters and a stroke of the same amount. The auxiliary machinery is all 
electric. It will be seen that this system of propulsion is a decidedly novel 
one and, as has been suggested already, it seems to have a distinct future 
. as far as high powers are concerned. It should also become popular on 
all forms of vessel where the internal-combustion engine, although desirable 
in itself, presents difficulties on account of rapid maneuvering, such as in 
tugs. It is felt that its high flexibility is a great point in its favor. 


ENGINES. 


Passing now to developments which have taken place in engines, one of 
the most interesting features of the period we have under review is the suc- 
cessful application of the double-acting Diesel engine to an ocean-going 
cargo vessel. This engine, it is interesting to note, was a 3-cylinder two- 
stroke cycle sliding cylinder engine, made by the North British Diesel 
Engine Works (1922) Limited, Whiteinch, Glasgow, rated for 2000 B.H.P., 
and the vessel in which it was installed was the 9000-ton deadweight Swanley. 
The Still engine, in its marine application the Scott-Still engine, has also 
been tried out with considerable success in the 11,650-ton displacement cargo 
vessel Dolius, owned by Alfred Holt & Co., which was fitted with two sets 
of 4-cylinder engines, developing collectively 2500 B.H.P. at 120 R.P.M. 
There are, it will be recalled, in this engine several novel features. Com- 
pressed air is dispensed with altogether, and there are two distinct sides 
to the operation of the engine, the combustion side operating the top of 
the piston and working on the two-stroke cycle solid injection principle, 
and the steam side, the underside of the piston being operated by steam 
generated from waste heat from the combustion side. The engine is thus 
virtually double-acting. Among new types of engine which have been pro- 
duced must be mentioned the North Eastern-Werkspoor direct-acting double- 
acting Diesel engine, successful trials on a single-cylinder 1000-I.H.P. unit 
of which have been carried out at the Wallsend works of the North Eastern 
Marine Engineering Co. Ltd. While noting Werkspoor engines, mention 
should also be made of one or two constructional modifications which are 
now incorporated in ordinary single-acting Werkspoor engines. The diagonal 
rods so long associated with Werkspoor practice have been dispensed with 
and replaced by cast-iron columns on both sides of each cylinder. The 
injection air compressor has been placed at the fore end of the engine to be 
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driven off an extension of the crankshaft, and the exhaust manifold, instead 
of being arranged above the engine as usual, is now arranged alongside the 
back of the engine. Another modification consists in the fact that the 
cylinder head and liner, instead of being cast all in one piece as hitherto, 
are now in separate castings connected by bolts, as will be seen. This has 
two advantages :—first, that in the event of trouble occurring with either 
casting it is necessary to replace one casting only instead of the complete 
head and liner, and second, that the metallurgical composition of cylinder 
and liner can be varied to that best suited to its own job. Coming now to 
opposed-piston engines, it is interesting to remark on the appearance of a 
new 3-cylinder unit of the well-known Doxford type, and of the evolution 
of a standard type of ship to go with jt. This engine develops 2200 I.H.P. 
at 90 R.P.M., has a cylinder diameter of 540 millimeters and a stroke of 
1080 millimeters, and contains one or two modifications as compared with 
previous Doxford engines. Steam auxiliaries are incorporated in the engine- 
room arrangement. The type of ship in question has a length between 
perpendiculars of 375 feet and a deadweight of 8000-tons on a draught 
of 25 feet 1%4 inches. The hull form was made the subject of exhaus- 
tive experimental work carried out in the National Tank at Teddington. 
In speaking of opposed-piston engines, attention is also naturally directed 
to the oil tanker British Aviator, of 10,000 tons deadweight, built and 
engined by Palmers Shipbuilding & Iron Company for the British Tanker 
Company. This vessel was completed in August, 1924, and she is pro- 
pelled by the first 6-cylinder opposed-piston engine of Fullagar type, 
incidentally the first Diesel engine completed by Palmers Shipbuilding & 
Iron Company. This engine develops 3000 B.H.P. at 90 R.P.M., and has a 
cylinder diameter of 23 inches with a combined stroke of 72 inches. It is 
interesting to compare the British Aviator with the British Motorist, a 
tanker also of 10,000 tons deadweight, propelled by the largest Neptune “B” 
type two-stroke cycle Diesel engine yet constructed by Swan, Hunter & 
Wigham Richardson Limited. With a cylinder diameter of 24 inches by 
50-inches stroke it develops 3000 B.H.P. at 90 R.P.M. in eight cylinders, 
and since the two ships are exactly the same size and the engines develop 
the same power at the same number of revolutions per minute, they should 
form an interesting comparison between the relative merits of the two-stroke 
cycle opposed-piston engine and the two-stroke cycle single-acting engine. 
These two vessels are among the highest powered single-screw motorships 
afloat, and they are indicative of a tendency towards the production of an 
engine for average speed ocean-going cargo vessels, which will give the 
power required for propulsion on a single shaft. Such engines are extremely 
useful for fitting in cases of conversions of steamship to motorship, in 
vessels, for example, such as the Bintang, a 10,000-ton deadweight cargo 
vessel, built in 1916 for the Netherland Steamship Company, and propelled 
by a triple-expansion steam reciprocating engine. This engine has been 
replaced, at the Fijenoord Yard, Rotterdam, by a 6-cylinder Sulzer two- 
stroke cycle single-acting engine developing 3600 B.H.P. at 90 R.P.M. The 
cylinder diameter is 30 inches and the stroke 56%4 inches, and the engine 
is one of the largest single-acting Diesel engines yet built. The first case 
of a large Great Lakes freighter to be propelled by a direct-coupled Diesel 
engine is also to be recorded in the period under review. There are two 
boats in question, built for the Ford Motor Company for ore-carrying on 
the Great Lakes, and the machinery is of Doxford opposed-piston type, 
direct coupled to a single screw, and built by Sun Shipbuilding & Dry Dock 
Company, Chester, Pa. The ships to which they are fitted are among the 
largest of their kind on the Great Lakes, having a deadweight of 13,000 
tons. The engines are 4-cylinder units developing 3000 B.H.P. at 85 R.P.M. 
The cylinder diameters are 23% inches by 45% inches stroke. This is a 
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larger cylinder diameter than normal (normal being 22% inches), and 
another point of interest is the fact that for the first time, with a Doxford 
engine, turbo-scavenging is employed. 


AUXILIARY MACHINERY. 


Looking at the period generally, it cannot be said with regard to auxiliary 
machinery that there is any immediate tendency towards the general fitting 
of an all-electric system of auxiliary drive. Several all-electric ships have 
been completed and they are rendering excellent service, but there is still 
a great tendency to retain steam for auxiliary purposes, the practice being 
to generate steam by means of vertical Cochran boilers in vessels with 
engines amidships, and in cylindrical Scotch boilers in vessels with engines 
aft, such as tankers. An interesting exception to this rule occurs, however, 
in the first motorship for the Donaldson line, a 7500-ton deadweight Vickers 
built and engined motorship with engines amidships, in which there are 
three Scotch boilers supplying steam to the engine-room auxiliary machinery 
other than that driven off the main engines and to a large refrigerating 
plant, this latter fact probably accounting for the somewhat large boiler 
capacity. Successful use of waste heat for raising steam for driving 
auxiliaries was made on the 7900 deadweight oil tanker Wellfield, engined 
with two 1100 B.H.P. North Eastern Werkspoor single-acting engines, and 
during a trial run with this ship, all oil to the two cylindrical boilers (col- 
lective heating surface, 2400 square feet) was shut off and exhaust gas 
from the main engines at a temperature of about 375 degrees C. was 
admitted. It was then found that the boilers could supply steam at about 
100 pounds per square inch pressure to a feed pump, an air pump and a 
circulating pump for the auxiliary condenser, a dynamo engine and the 
steering engine. With the exhaust feed heater in use the steam pressure 
steadily rose to 120 pounds per square inch. The use of steam for auxiliary 
purposes in tankers is more or less an accepted thing, particularly as steam 
is needed for tank heating and steaming, and in such cases the use of an 
all-steam auxiliary system seems perfectly sound. There are distinct 
advantages, however, in favor of an all-electric system of auxiliary drive 
for other ships, and it seems quite probable that when the merits of elec- 
tricity as a motive power for auxiliary machinery are more widely appre- 
ciated steam will be gradually superseded. The compactness of many 
modern electrically driven pumps is a very noteworthy feature. It is a 
noticeable feature, in fact, that the advent of the motorship, with its smaller 
engine room, has created a distinct tendency towards neatness in engine- 
room auxiliary design. 


FUEL AND FUEL TREATMENT. 


As has been mentioned, contemporary with an increased choice in the 
type of fuel for motorships has come an increase in the number of separating 
and purifying devices available. In several engines, and notably in ships 
with engines of the Doxford type, very successful use has been made of 
so-called boiler oil (of specific gravity about 0.96), and in conjunction with 
this has been fitted the Sharples super-centrifuge separator through ‘which 
all the fuel passes on its way from settling tanks to the fuel pumps. Many 
up-to-date motorships, in fact, are now fitted with one set of centrifugal 
separators for their fuel oil and another for their lubricating oil. Then 
comes the vexed “Oil in Navigable Waters” question, and the old difficulty 
of fuel tanks when emptied being filled with sea water for ballast. The 
resultant mixture has to be passed through some form of separator unless 
pumped out at sea. Hence either a barge has to be used or a static separator 
fitted on shipboard. The period under review has produced many separators 
of this type.—‘Shipbuilding and Shipping Record,” Jan. 7, 1925. 
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GERMAN SUBMARINE DESIGNS. 


Professor Oswald Flamm has recently published a paper in the “Marine 
Rundschau,” under the title of “The Problem of Large Submarines.” As 
his name has been connected with this very difficult question for a number 
of years; and as he has up till now maintained an impassive silence upon 
his inventions and designs, his article is of the greatest interest. He deals 
with what is known as the “capital ship controversy” very shortly: “The 
proper view to take is that the battleship, battle cruiser, small cruiser and 
torpedo boat will not disappear, at all events in any foreseeable time; but 
it must also be admitted that technical progress will shortly give submarines 
a position which they do not at present possess in the hierarchy of weapons 
of war.” The problem of increasing a submarine’s fighting power hinges 
on the essential question of stability. ‘Heavy artillery and torpedo tubes 
can be mounted in barbette on the deck; armor plates can be fitted to the 
deck and the sides; stores of mines can be stowed inboard; in fact, all 
requirements which involve putting heavy weights in the upper part of the 
chip, Sp be complied with; but only if the vessel possesses sufficient 
stability.” 

Designers have hitherto striven to increase a submarine’s stability by two 
methods: (I) they have endeavored to lower the position of the center of 
gravity; and (II) they have tried to raise the position of the center of 
buoyancy: both have very grave disadvantages. If the first method is 
adopted, masses of heavy material have to be put low down in the body of 
the submarine; when these are added to counteract the weight of heavy 
artillery and armor fitted to the upper deck, above the center of buoyancy, 
they add so much to the deadweight in the boat that her displacement ton- 
nage increases uneconomically. These extra tons of ballast have to be paid 
for out of sea-keeping capacity, that is, at the expense of fuel supply. The 
second method involves an exactly opposite procedure. If attempted, water- 
tight, hollow chambers are placed high up in the boat, and masses of wood 
or cork are fitted to the upper deck. “Construction on these lines has the 
disadvantage of increasing weight and of using inside space to no effective 
purpose.” Apart from this, the increase of general buoyancy compels a 
corresponding increase in the size of the flooding chambers. * * * There 
remains an alternative method: that of so shaping the hull (1) that the total 
space it occupies is available for useful qualities, (11) that, on submerging, 
its displacement rapidly increases, and (III) that, in all critical periods ‘of 
diving, the metacentric height is sufficient. 

If the boat is constructed with the ordinary circular cross section, these 
requirements are not attainable in a large submarine, for the following 
reason. The structural strength of the hull at a constant depth, has to be 
made proportional to the diameter of the submarine: it follows, therefore, 
that, if the boat is large, the requisite peripheral strength can only be 
obtained by making the outer structure very heavy; and if the boat becomes 
really large this structural weight soon reaches an unmanageable figure. 

Professor Flamm’s solution had better be described in his own words: 
“the problem, it seems, can only be solved by giving the boat a cross section, 
made up of three circles, which are described round the sides of a triangle 
with its apex upwards. It is easy to understand, that, if the triangle, the 
radii, and the positions of the centers of the circles are correctly calculated 
[lit. selected], there will not only be a maximum of stability but the stresses 
along the base of the triangle, due to hydrostatic pressure, will be reduced 
to nil. As the component parts of the cross section are arcs of circles, the 
radii of which are smaller than the radius of the circle which would circum- 
scribe the whole cross section, it follows that the structural strength of the 
hull required along these separate circles is less than would be required if 
the cross section were one single circle, with the consequence that very 
great strength is not necessary. 
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Professor Flamm designed three boats on these lines; the first, with a 
displacement of 1443 tons, carried 134 tons of deck armor; the second a 
submarine cruiser of about 7067 tons had 614 tons of deck and side armor, 
about 500 tons of heavy barbetted and lighter guns, and deck torpedo tubes ; 
the third, a minelaying cruiser of 7734 tons carried a thousand mines on the 
mine deck over the pressure-resisting part of the hull. In each case the 
diving stability diagram showed extraordinarily good figures, although no 
ballast of any kind was allowed for in the calculations. 

Professor Flamm admits that it might be asked whether the military 
value of these large submarines justifies their construction. He considers 
that they may be compared with the British monitors off the Flanders coast. 
“If an armored submarine with heavy artillery engages other ships with her 
deck awash, she is barely visible at long ranges, and can attack the unpro- 
tected parts of larger vessels, and keep them effectively under fire. It has 
to be allowed that a chance shot may put the submarine out of action; but 
the war on the Flanders coast showed how rarely hits could be obtained 
even by stationary forts ashore. More than that, a large submarine’s heavy 
torpedo armament ought to protect her from an attack at close range. The 
military value of the large submarine minelayer consists in her high speed, 
and her exceptional radius of action. She can be independent of the shore 
for many months; so that nobody can discover her zone of operations when 
once she has left her base.” 

Professor Flamm maintains that the British “X” class, now being built, 
do not overcome the defects of which his own designs are free. They have 
heavy deck guns; but they carry 250 tons of ballast as a compensation. 
“This useless deadweight necessarily lowers speed, radius of action, and 
running costs; but, if this kind of construction is adopted, there is always 
the chance that, when the boat submerges in a seaway, the enormous moment 
of inertia of the upper mass, and that of the compensating ballast, placed 
lower down, may put her in danger. A boat’s rolling period increases with 
an increased moment of inertia; it may, therefore, happen that the righting 
moment no longer suffices to bring the boat back to an even keel, if she has 
been rolled to a certain angle owing to her moment of inertia. This danger 
becomes acute when a boat is at the critical phase of submerging, that is, 
when the centers of buoyance and of gravity coincide.” He adds the inter- 
esting remark that the British Admiralty has known every detail about his 
designs since 1919.—“Engineering,” Dec. 19, 1924. 





FRESH OR SEA-WATER COOLING? 


Nothing is more surprising than the diametrically opposed views taken 
by different Diesel-engine manufacturers in connection with what may be 
termed some of the minor points in the design of their machinery. The 
cooling medium for pistons and cylinders represents a case in point. In 
about one-half of the engines now being .built sea water is used exclusively. 
In others, fresh water is employed throughout. In some instances sea water 
is the cylinder cooling medium and fresh water for the pistons, whilst in 
many cases the process is reversed. Finally, oil cooling is often adopted for 
pistons. As showing the uncertainty of the position, it may be mentioned 
that in one particular design built in several parts of the world the engine 
as constructed in one country has fresh water for the pistons and salt water 
for the cylinders, whilst the designers of the same type in another country 
prefer fresh water for the cylinders and salt water for the pistons. 

None will deny that the ideal arrangement is fresh-water cooling through- 
out, with a closed circuit, although for the matter of that, so long as the 
circuit is closed, sea water is probably satisfactory. Naturally, this involves 
additional expenditure which the shipowner may not care to incur when he 
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learns of the numerous vessels now in operation in which open sea water is 
employed for all purposes. It cannot, however, be doubted that, on certain 
routes, especially where the ship has to pass through sandy or muddy waters, 
there is liability to trouble unless very great care be taken by the engine- 
room staff in the cleaning of the water spaces in cylinders and pistons 
regularly. That it is not only a question of pistons is proved by the fact 
that in a twin-screw ship cracks were recently found in eight cylinder 
covers, due wholly to the deposition of an extremely large amount of solid 
matter in the cooling spaces. 

It may be that all difficulties of this sort can be overcome by improve- 
ment in design, but the shipowner would do well to consider the employment 
of fresh water, or other closed circuit, cooling if his new vessel is likely 
to have to operate to any extent in muddy rivers. The problem is one of 
such interest and importance that it would be desirable for it to be discussed 
at an early date at one of the leading technical institutions—“The Motor 
Ship,” Nov., 1924. 


DIESEL-ENGINE AIR COMPRESSORS. 
Some CoMMON TROUBLES AND THE SYMPTOMS THAT PRECEDE THEM. 


By Ropert MELROSE. 


In the earlier days of the Diesel engine the air compressor was a continual 
source of trouble mainly due to the improper balancing of the stages, faulty 
lubrication and defective design. Experiment and practical experience have 
to a great extent eliminated such undesirable conditions, but occasions fre- 
quently arise where, perhaps owing to bad lubricating oil or some foreign 
substance having a deleterious effect on the metal, minor defects ensue. 

For fuel-injection purposes an air pressure of 65 to 70 atmospheres is 
required, this pressure being attained in current practice by compressing the 
air in three stages, the compressor being driven off an extension of the 
crankshaft. Both differential and steeple types are used, but as the former 
has been adopted more extensively, the following remarks will be confined 
entirely to this particular type of compressor. 


FINDING THE CORRECT QUANTITY OF LUBRICATING OIL. 


The correct quantity of cylinder lubricating oil required by an air com- 
pressor can be determined only by careful observation. An excess of oil 
will accumulate at the bottom of the intercoolers in the form of sludge and 
will require to be blown out at frequent intervals. This sludge, which con- 
tains a high percentage of water, forms a gummy substance, which, if drawn 
into the cylinders, has a tendency under the action of heat to glue up the 
piston rings. On the other hand, a meager supply of oil will cause over- 
heating and scoring of the cylinder walls, accompanied by excessive wear 
of the piston rings, and what oil does reach the cylinder will be carbonized 
and probably choke up the valves. 

When a compressor has been stripped for overhaul or repair, it is good 
practice, when replacing the oil pipes, to connect up the oil pump and flood 
each pipe separately previous to connecting to the cylinder nipples, this 
operation being accomplished by means of the hand attachment on the pump. 
A few strokes after all connections have been tightened up will insure an 
immediate supply of oil with the starting up of the engine. 
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DETERMINING THE CONDITION OF THE PISTON RINGS. 


There are generally three pressure gauges fitted in close proximity to the 
compressor; with connections to the intermediate-pressure delivery, low- 
pressure delivery and low-pressure suction valve chests respectively, the 
high-pressure gauge being attached to the blast bottle. By observation of 
the variation in pressure of the different stages a good indication can be 
obtained of the condition of the piston rings. 

In the event of the high-pressure rings starting to leak, the air will find 
its way into the low-pressure stage; consequently, the low-pressure gauge 
will show an increase of pressure and the total output of the machine will 
fall off perceptibly. Should the leakage become excessive, the low-pressure 
relief valve will begin to blow. 

At the intermediate-pressure rings, leakage merely means an escape of 
air to the crankcase and of course a reduction in compressor output. Leaks 
by the low-pressure piston rings would cause a passing and repassing of air 
between the low-pressure and intermediate-pressure stages at either com- 
_ pression stroke. The low-pressure gauge would indicate a slight increase 
with a corresponding drop of pressure on the intermediate-pressure gauge. 

A slight leakage of air into the cooling-water space, due perhaps to imper- 
fectly expanded intercooler tube ends, can be detected immediately by violent 
fluctuations of the cooling-water gauge needle. 


HOW DERANGEMENT OF VALVES IS INDICATED. 


Derangement of the suction and delivery valves will be immediately indi- 
cated by a departure from normal pressures as observed on the stage pres- 
sure gauges. A choked low-pressure suction valve will show the same 
characteristics as excessive throttling. A choked intermediate-pressure suc- 
tion valve will restrict the flow of the air from the low-pressure stake and 
consequently raise the low pressure with a corresponding reduction in the 
intermediate pressure. 

A choked high-pressure suction valve will restrict the flow of air from 
the intermediate-pressure stage, which in turn will affect the low-pressure 
stage, causing the pressure to rise in the latter two stages, but will show a 
decrease in the high pressure, as indicated by a falling off in pressure at the 
blast-air bottle. Suction valves leaking will cause a rise of pressure in the 
preceding stages with an exception in the case of a leaking low-pressure 
— valve. This defect will be denoted by a blow back at the compressor 
inlet 

Intercoolers have been known to burst with disastrous consequence owing 
to excessive thinning of the tubes by corrosion or erosion. Corrosion may 
be caused by the formation of organic acids due to oxidation of the lubricant 
or again, to galvanic action due to the presence of dissimilar metals. 

If an engineer has any doubts as to the behavior of the lubricant, he 
should verify its purity by the following test: Take a sample of the oil and 
boil it. Insert a blue litmus paper, and if it turns pink or red, it denotes 
with certainty the presence of acid. A clean copper wire immersed for a 
few hours in oil containing acid will become discolored. 


COILS AND TUBES SHOULD BE CAREFULLY WATCHED. 


When an intermediate-pressure or high-pressure cooler tube or coil gives 
way, it generally bursts the casing also, imparting sufficient velocity to the 
fragments to cause injury to the operator. Intercooler and aftercooler 
casings have been known to burst even when fitted with safety valves, so 
that it behooves the engineer to keep a careful watch on the coils and tubes. 
From an insurance point of view it should be good practice to weigh coils 
when new; detach them at intervals and after cleaning, weigh them again. 
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This method will give a fair indication of the deterioration of the metal. 
Erosion may be caused by a high-velocity cooling system carrying particles 
of grit, the continuous abrasive action ultimately thinning the coil or tubes 
with the results already described. 

he vaporization of excessive lubricating oil has been suggested as a 
probable cause of explosion in air compressors, and although no instance 
has come under my notice of this having occurred, the fact remains that this 
condition constitutes a possible hazard. 

Blast-air pressure is controlled in most cases by throttling the suction to 
the first stage. This may be accomplished either by hand or by automatic 
control, the governor actuating the compressor throttle simultaneously with 
the fuel-oil supply to correspond with variations in the load on the main 
engine. 

Owing to the formation of moisture in the air as it passes through the 
coolers, it is the practice in some plants to keep the drains slightly open, 
just sufficient to get rid of water and surplus oil without blowing off an 
excessive amount of air. 

Air compressors that are designed on a generous scale—that is, having a 
large reserve capacity—are susceptible to trouble due to excessive throttling, 
thereby upsetting the stage balance. To the reader it may appear a paradox, 
but it is an accepted fact that throttling the suction of the first stage 
increases the temperature in the high-pressure stage. This may be explained 
by pointing out that as the terminal pressure remains constant, the ratio of 
compression in the high-pressure stage of a machine with restricted air sup- 
ply is greater than it would be with free inlet, consequently the valves and 
piston rings are liable to become adversely affected by the decomposition of 
the lubricating oil under the increased temperature. Again, by throttling 
the suction, a vacuum is created in the low-pressure stage, thereby increasing 
the tendency of foreign matter to be drawn into the machine. 

It cannot be too forcibly impressed on all that have Diesel engines under 
their charge that cleanliness and systematic routine is the keynote of suc- 
cessful operation—“Power,” Nov. 18, 1924. 


THE USE OF BOILER GRADE FUEL OIL ON MOTOR SHIPS. 


Now that the employment of centrifugal separators for the purification 
of the fuel oil used by marine Diesel engines has become usual practice, it 
is of interest to note the improvements made in fitting centrifugal machines 
in relation to the fuel-supply system in recent vessels equipped with De Laval 
separators. 

Instead of placing the separator or separators between the supply tanks 
and the engine, thereby necessitating the constant running of the centrifugals 
so long as the main engine is in operation, the oil is passed through the 
centrifuge first and thence into cross-bunker tanks, which holds about 11 
tons. This capacity gives sufficient oil for a 24-hour run, plus a considerable 
reserve. 

As the new ships will be in tropical waters for part of their round voyage, 
a tank of seven-ton capacity is placed on the deck, so as to make use of the 
sun’s heat in reducing the viscosity of the oil, and thus save part of the cost 
‘of heating. In colder latitudes the deck tank is cut out by the two-way 
cock shown in the accompanying diagram, and the oil then passes to the 
heater direct. A small donkey-boiler is provided for supplying the steam 
required for the operation of the heater. This heater is of a special type 
made by Messrs. Chadburn’s (Ship) Telegraph Co., Ltd., of Liverpool, but 
experiments are being carried out to ascertain the amount of heat which can 


be obtained under ordinary service conditions from the exhaust gases of the 
main engine. 
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One advantage of the improved method of installation is that it permits 
the use of the new super De Laval machine, which has a capacity of nearly 
three times that of any previous type. A single machine would be amply 
sufficient. If any slight adjustments or cleaning becomes necessary, the new 
arrangement of cross-bunker tanks will enable this to be done, as the machine 
can rapidly overtake the engine’s consumption.—‘The Motor Ship.” 





RADIO COMMUNICATIONS. 


Senator Marconi, who is the Chairman of the Council of the Royal Society 
_ of Arts, took the opportunity, in his inaugural address to the society, to 
make a survey of the recent developments which have been made in the 
science of wireless telegraphy and telephony. Taking as his subject “Radio 
Communications,” he referred at length to the radical change which is taking 
place in the whole theory and practice of wireless communication. This is 
due to the development of the low-powered short-wave directional method 
or the beam system, as it has been called. While recognizing that the non- 
directional stations would still be of value for many naval and marine 
purposes, Senator Marconi expresses the firm conviction that for purposes 
of communication the directional stations, employing only a fraction of the 
power of the modern station, will be able to communicate at any time of 
the day or night with almost any part of the world. This new phase of 
radio communication is only in its infancy and many difficulties have yet to 
be overcome, but it is apparent that. it may have a great influence on the 
type of apparatus which will be carried by ships and on the methods whereby 
it is employed. If it should be possible to utilize the ability to transmit 
along a beam with the alternative of non-directional or broadcast signalling, 
then in view of the greater range at a given power which the beam system 
renders possible, the day may arrive when a ship will always be in com- 
munication with her home port. Other possibilities of the system as applied 
to ships will at once suggest themselves.—“Shipbuilding and Shipping 
Record,” Dec. 18, 1924. 


HOW THE ZR-3 WAS PILOTED BY RADIO. 
By Captain H. C. Fremminc, Corer RApIo OPERATOR OF THE “ZR-3.” 


The safe conclusion of the trans-Atlantic voyage of the ZR-3 would never 
have been possible without complete and efficient radio telegraph and tele- 
phone equipment. There are so many factors entering into the proper navi- 
gation of such a huge aerial transport device that safe navigation of it over 
such extreme distances would not be possible if the navigating officers were 
not in touch with various sources of information at all times during the 
voyage. 

The weather conditions alone were of such extreme importance that even 
the direction of the course of such a ship is dependent upon minute and 
voluminous weather information which must be obtained from authentic 
sources. 

An entirely different situation confronts the captain of a dirigible than 
confronts the skipper of a steamship in the point of navigation. The salt 
water officer has always his sextant, his log and sometimes land marks. 
The aerial skipper is not so blessed with means of finding his way about. 
Consequently, his every position and even his course is checked by the use 
of the radio compass. Without this highly sensitive piece of apparatus, 
there would be no end to his difficulties in knowing his place in corre- 
spondence with the rest of the world at any given time. 
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So, considering these few factors alone, it is easily understood why such 
sensitive radio equipment was included in the cabin of the ZR-3. 

The apparatus consisted of five distinct units. There was the regular 
transmitter of 400-watt capacity capable of working on wave-lengths between 
300 and 3000 meters. This set is of the standard vacuum tube transmitter 
type so arranged that it could be operated upon C.W. or I.C.W. This was 
the transmitter which was relied upon during the greater part of the journey 
to furnish connection with the outside world. It has a proven range of 
about 1400 miles for dependable communication, 

Power was furnished by a 1% killowatt, wind driven generator. This 
instrument was arranged to swing out from the side.of the cabin. A novel 
method of adjusting the speed of the generator to the speed of the dirigible 
was obtained through this system of raising and lowering the generator unit 
in regard to the side of the cabin. By changing the angle, proportionate 
changes in speed could be obtained, thus enabling the operators to obtain 
the proper voltage from the generator at all times. The air currents created 
by the speed of the dirigible, of course, furnished the power for turning 
the propeller which was directly connected to the shaft of the armature. 
The voltage from the generator was stepped up to 3000 volts through a 
transformer and then rectified through the usual vacuum tube process. After 
passing through a series of filters it is impressed on the plates of the trans- 
mitter tubes. Power for lighting the filaments of these tubes is also 
obtained from the wind driven generator through the agency of a step down 
transformer. 


THE RECEIVERS. 


The bulk of the receiving on the trans-Atlantic voyage was accomplished 
on a detector and two step audio frequency set of a standard German make. 
Two of these sets were used jointly. The hook-up was’ of the ordinary 
regenerative type. For the general run of work, this equipment was found 
capable and sturdy. 

The most novel bit of apparatus is the radio compass which contains, aside 
from the detector and two stages of audio frequency amplification, six stages 
of radio frequency amplification. Obviously, this set is extremely sensitive, 
and purposely so, since several times, enroute, the Captain took recourse to 
it in order to check his position and bearing. As a matter of fact, he used 
it upon every occasion, for the radio compass is the one arrangement which 
may be absolutely relied upon for accuracy, Through the use of a unit 
directional loop, it was possible, with this compass, to obtain a course by 
taking observations on one known point alone. This is an extreme improve- 
ment over previous installations which required that two points be located 
and then the position or course of the ship designated by the use of 
triangulation. 

The radio telephone installation is comparatively small, being of about a 
50-watt capacity, since its use is intended primarily for making landings. 
As has been fully described in “Radio News” before, the only efficient way 
by which 'the captain of such a ship may direct his ground crew in making 
a landing, is through the use of radio telephone; other means of signalling, 
such as the semaphore or wig-wag codes, might conceivably be used, but 
the radiophone is the’ only practical method. Our phone equipment is of the 
standard vacuum tube type and consists of a standard unit, manufactured 
by the Telefunken Company of Germany. Small as it is, we found it excep- 
tionally efficient and succeeded in many cases in working distances around 
300 miles. As. a matter of fact, it is given a range of 280 miles for which 
it may be depended upon under ‘ordinary conditions. 
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SPARK SET FOR EMERGENCY. 


A reserve set which was installed for use in case of an emergency is a 
standard Telefunken quenched-spark set capable of working over waves 
between 300 and 800 meters, All during the voyage this set was kept in 
working condition so that it could be brought into operation at a moment's 
notice, contemplating a major damage to the regular vacuum tube trans- 
mitter. Of course, spare parts were carried to replace practically any 
breakdown. 

The filament current for the receiving tubes, as well as the plate supply, 
is obtained from storage batteries. These units are housed just outside the 
operating room. A point well worth noting in connection here is the fact 
that the batteries are on charge practically all the time the generator is 
running and that the receivers can be operated with perfect ease while the 
batteries are on charge. As with the transmitter, the batteries receive their 
supply from the wind driven generator which also furnishes power for the 
27 electric lights in the various cabins throughout the ship. 


THE OPERATING ROOM. 


The operating room itself, as was said, is in the aft cabin. A peculiar 
method of construction was employed so ‘that the room is both sound and 
shock proof. The terrific roar of the engines is deadened by a wax com- 
pound lining which covers the entire: interior. Several precautions were 
necessary in installing the apparatus so that all danger from sparks would 
be eliminated; even the transmitting key was surrounded by a wire gauze 
which would protect any spark originating at the contact points from 
igniting stray gases which might have been evident. Similar precautions 
were taken at every point in the apparatus where there was a possibility of 
an open dischargé. On every occasion when the ship was taken to a higher 
altitude, the operators were notified to cease transmitting, since each such 
raise in altitude is accompanied by a slight escape of gas, and the gas being 
hydrogen was, of course, highly explosive. At the conclusion of the rise, 
when the captain thought it safe, he would signal the operators again to 
resume their work. 

The antenna system consists of three stranded cables of the Litz type. 
Each wire is attached to its individual winch and may be lowered or raised 
independently of the others. Through a switching arrangement the oper- 
ators were able to use any wires separately or any combination of them 
together. Their total length was 360 feet. A torpedo-shaped weight hung 
from the bottom of each one and was of sufficient size to keep them taut 
and separate. 


THE DEPARTURE OF THE “zR-3.” 


At 6:35 GMT, on the morning of October 12, the ZR-3 departed from 
Friedrichshafen on Bodensee for its voyage to the U. S. Naval Air Station 
at Lakehurst, N. J. Aside from the crew of 27 men there were aboard the 
ship three naval officers, and a representative of the U. S. Army. No pas- 
sengers were carried on the ship, since every extra ounce of lifting capacity 
bea ove over to carrying the 30 tons of benzine, two tons of oil and a ton 
Oo , 

In the morning before our departure, a heavy fog descended down on 
Friedrichshafen so that the thousands of people who had gathered to see us 
take off, were unable to watch the ship more than leave the ground. 

The take-off was accomplished without event. The early part of the 
voyage was made through the clouds and fog. Soon, however, the ship was 
piloted to a height of 2200 feet, and immediately we passed above the clouds. 
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The Swiss Alps appeared in the morning sun. Almost immediately the 
antenna was lowered and the apparatus started. Before we left, complete 
weather reports. had been received daily for more than two weeks, covering 
the course over which we intended sailing. It was of the utmost importance 
to keep in close’ touch with any changes which might take place in the 
weather along the route, or that we be immediately notified of any unknown 
circumstances. It was, therefore, with great interest that the first operator 
took his place and began tuning the receiver. 


FIRST USE OF THE TRANSMITTER. 


The first attempt was unsuccessful, since one of the three aerial wires 
snapped before we were able to raise the home station at Friedrichshafen, 
which we were calling. What repairs were possible were made on the 
broken wire and later, as we were passing over Basel, Switzerland, we suc- 
ceeded in getting into:communication with Friedrichshafen, working at 1510 
meters. Of course, the first messages were for the press. Following these 
there was a large number of weather reports detailing the atmospheric con- 
ditions along the first leg of our proposed route. It must be noted here, 
that these first reports caused us to change our course. At first we had 
intended to fly south to the Gulf of Lyons and then cross over the Spanish 
peninsula. However, after the reception of this first bunch of messages we 
changed directions and headed for the mouth of the river Gironde in France 
and thence across the headland of the Spanish Peninsula. 

Among the stations furnishing us this very necessary information was 
Deutche Seewarte, Hamburg Marine Information Bureau: » Messages from 
this source came by way of Nauen, call OUI, and were transmitted on a 
wave of 1460 meters. These reports, which were sent four times a day 
(at 5 a. m., 11:05 a. m., 5 p. m. and 10 p. m.) were supplemented by others 
from Eiffel Tower station in Paris, call FL, and the United States Naval 
Station at Arlington, Va. call NAA. The United States station at 
Annapolis also furnished us with’a further report of conditions on the 
American side of the Atlantic. 

The transmission of the reports was by no means the largest part of the 
job. The conditions had to be observed. For this purpose the United States 
Navy furnished three ships which were placed at points along the course 
that we were to take, and weather officials on these craft made observations, 
which were sent by radio direct to us, or at times when the stations aboard 
the observing vessels were unable to make connections with us, relayed their 
reports to the Annapolis or Arlington station. The ships assigned to this 
work’ were the Patoka, NUGN, located at 55 N. Lat., 45 W. Long.; the 
Detroit, NISP, stationed at 45 N. Lat. and 45 W. Long.; and the Milwaukee, 
NISN, 45 N. Lat. and 57 W. Long. 

Aside from the weather reports, the time signals sent out from Nauen 
and Eiffel Tower were of great importance. With the aid of these, the 
chronometers of the ship were checked, thus enabling a closer watch to be 
kept on the position and course. 

Previous schedules of transmission had been arranged before the departure 
of the ship. That is to say, a number of stations were to be listening. for 
our call at certain hours of the day, so that we would be able to get off our 
radio correspondence with the greatest ease and dispatch. The hours 
between 1 and 2a. m., 7 and 8 a. m., 1 and 2 p. m, and 6 and 7 p. m. were 
to work with Norddeich, KAV, Germany, and from 2 to 3 and. 8 to 9.a. m. 
a 7 to 8 p. m. we made connection with Bar Harbor, NBD, in the: United 

tates. 

Some idea of the huge amount of weather information which had to be 
handled may be gained from the fact that the transmitter was compara- 
tively quiet all during our passage over France, for all during this time the 
operators were busily engaged in assembling the reports. 
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INTERFERENCE FROM BROADCASTERS. 


Immediately we left the French mainland. and started for the point 
off Spain, heavy radio traffic began. In fact, all three operators, Specht, 
Freud and Ludwig, were kept busy at the apparatus. Matters were not 
helped any by the fact that many liners along the route of the voyage across 
the Atlantic took occasion to call us, wishing us good luck. While passing 
over Spain, all radio work became extremely difficult on account of the 
programs being sent out by the British broadcasters. Their wave interfered 
extremely with our receptions. 

The following morning, shortly after midnight, a very bad period of 
radio weather set in, during which we worked the stations at Eilvese and 
Norddeich with extreme difficulty. Even when we pushed the radio compass 
into service with its six stages of radio frequency amplification, we could 
not obtain satisfactory results. This condition existed for several hours. 
At 8 a. m., however, the air cleared and for 50 minutes we enjoyed what 
might be termed perfect working conditions for radio. During this time 
we obtained an answer from Norddeich and succeeded in working off most 
of the constantly mounting pile of messages. 

During this period we passed the steamer City of Boston. She signed 
herself GFRG, and was so kind as to give us her position—39 degrees 18 
minutes N. Lat. and 49 degrees 16 minutes W. Long.—by which the Captain 
checked his observation of our own course. 

And it might be remarked here that during the entire trip, steamers and 
craft of all sorts, equipped with radio were always willing and ready to 
co-operate in giving us bearings, weather reports, locations, many even 
offering to relay our traffic for us. 

On approaching the Azores, reports came in from Ferinca and at 2:30 
a. m. we left the islands aft and started directly for Lakehurst. At this 
time the wind was in the west and was growing constantly stronger. It was 
only a matter of minutes until we were called by the Detroit and told that a 
low point of barometric pressure was locating itself just off the point of 
Newfoundland; with this information, the course was changed accordingly, 
in order to avoid it. 


MORE INTERFERENCE, 


It was about this time that our difficulties in the radio room became really 
large. First, we were proceeding at about 90 miles per hour. After the 
change in course it was only a short time until the clear sky under which 
we had been sailing for the past 10 hours gave way to dense clouds. Previ- 
ously, we had been in constant communication with the Detroit through the 
aid of the radio compass. As we proceeded, reception became constantly 
more difficult on account of atmospherics. But this was not the worst. All 
the ships along our course were working, and created no end of interference. 
NERM—the call assigned the ZR-3—called many of them time after time, 
giving the international signal, QRM, which means “you are interfering, 
please use less power or cease transmitting,” which had not the slightest 
effect. Conditions finally became so bad that it was impossible to continue 
with the work. It was decided that the working wave should be changed. 
To no avail, however, ‘since we found as much interference at the increased 
wave as previously. There were a number of ships carrying spark equip- 
ment, which were quite bad in this quarter. They created constant ORM 
at all wave-lengths. It was principally through the kindness of WSO and 
WCC that we were able to get out our quota of traffic. 

As we passed on nearer the American shore, matters righted themselves 
and by the time we were passing over New York, our business was cleared 
up and the radio staff was quite ready to make landing. Of course, the 
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radio telephone equipment was gone over and placed, ready to stand-by for 
the landing operations. However, this preparation was not necessary, since 
the crew at the field handled the situation with perfect ease. 

Not the least enjoyable features of the journey was the reception of pro- 
grams from various broadcast stations. One of the officers of the ship 
produced a loud speaker which worked with the conventional horn and with- 
out additional power of any kind. This was attached to the output of the 
receiver and the results were very pleasing. 

During the trip, a little more than 12,000 words were handled in code. 
This record was made in spite of the great number of repeats, and the 
preyed bad atmospheric conditions which followed us a large part of 
the time. 

As for the range of our transmitter, WSO heard us while we were flying 
over Basel, Switzerland. The “New York Times” station picked up our 
signals while we were cruising over the Spanish seashore. A peculiar thing 
in connection with this station’s performance was the fact that the “Times” 
station reported hearing us just as well while we were in Europe as it did 
while we were passing over New York City. 

In spite of the difficulties encountered on the journey, the station worked 
very satisfactorily. Really very well. We wish here to thank most heartily 
the American Operators for their great co-operation and help, which was 
constantly forthcoming during the course of the journey and which added 
° much to the pleasure of the radio men aboard the ZR-3.—“Radio News,” 

an., 1925, 





ELECTRIC PROPULSION OF SHIPS. 


One of the most notable features of the present shipbuilding position in 
the United States is the extent to which electric propulsion is being employed 
for all classes of vessels. Leaving out of consideration war vessels, for 
which the conditions are peculiar, we find that many other vessels have been 
or are being equipped with electrical propelling machinery. In this country, 


on the other hand, following the lead given by our naval experts—a lead . 


which it is to be remembered was only given after a thorough investigation 
of the problem in all its aspects—we find that British marine engineers are 
not inclined to adopt the principle of electrical propulsion for British ships, 
It will be recalled that four electrically propelled ships were recently built 
in this country, one of them having steam turbines for driving the electric 
generators and the other three having the Diesel-electric drive, but all of 
these it so happens were built for service in American waters. The question 
necessarily arises, why is it that the marine engineers of the United States 
are so favorably impressed with a system which, in the estimation of British 
engineers, has disadvantages outweighing its advantages? The answer may 
perhaps be found in the fact that in America monetary conditions are rather 
different from what they are on this side and that the higher initial capital 
outlay, admittedly one of the great disadvantages of the electric drive, 
does not deter the American shipowner to the same extent as it does his 
British cousin. The American is, of course, just as anxious to see a return 
on the capital he invests, but being assured of the merits of electric pro- 
pulsion he feels that this larger capital expenditure will be justified by the 
results, It may also be that, since from the electrical point of view America 
is more advanced than we are, her wider adoption of —_ for all 
manner of industrial purposes, and the success which has fol its 
adoption, renders her more readily willing to experiment with newer appli- 
cations of electricity than are our engineers on this side. The publicity 
which has been employed by the naval authorities regarding their electrically 
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propelled warships may also be held responsible to a large extent for the 
favor — which the electric drive, as applied to all other types of vessels, 
is viewe 

When, however, a closer examination of the position is made, it will be 
found that for what we might term the straight merchant ship, i.e., the 
vessel which is capable of trading between ports separated by long distances, 
taking cargo in both directions, even in the United States electric propulsion 
has not been adopted for this type of vessel, although such vessels may be 
said to form the bulk of the merchant fleets of the world. Where electric 
propulsion has been adopted it has generally been on vessels designed for 
some special service, where the undoubted advantages possessed by electrical 
machinery can have, their fullest value. Thus, we find that ferry boats, 
which form so striking a feature of the American harbors, are being built 
for electric propulsion, as also are numbers of river boats. Here, of course, 
it is the facility with which the electric motor can be ‘started, stopped and 
reversed which renders its use so attractive, and the ability to combine the 
economy of the Diesel engine or of the high-speed turbine, using superheated 
steam with the flexibility of the electric motor, is of particular advantage 
on vessels such as these. Again, the electric drive as applied to the tug, in 
addition to the advantage of increased maneuvering power, to which refer- 
ence has just been made, possesses the advantage that the power required to 
propel the tug can be obtained at maximum economy, both when the tug is 
towing or pushing another vessel and when proceeding.in the light condition. 
It is this ability to run the propelling motors at light load, at full load or 
even at overload, while still generating power under conditions of maximum 
efficiency by the simple process of increasing the number of generating units 
which are in action, which marks one of the greatest advantages of the 
electric drive. With other forms of drive, if the engines develop other than 
their normal power, they must of necessity run at other than their most 
efficient. speed, but with the electric drive the provision of two or more 
generating units enables efficient propulsion to be obtained over a wide range 
of speeds and loads. It is these advantages which have led to the adoption 
of electric propulsion for war vessels and for the types of vessels mentioned 
above, but. for the average merchant ship, in which the fullest and most 
frequent use of these advantages cannot be made, the direct drive or the 
drive through mechanical speed-reduction gearing is, when every factor is 
taken into consideration, more economical than the electric drive—‘“Ship- 
building and Shipping Record, ” Dec. 4, 1924. 





A NEW ELECTRIC DRIVE FOR SHIP AND OTHER 
AUXILIARIES.* 


By Gripert AUSTIN. 


About three and a-half years ago the author began an investigation to 
determine whether it would be possible to improve the performance of the 
electric motor, mainly as applied to ships’ auxiliaries, by the production of 
a motor which would, in operation, function in a similar way to the steam 
engine. The developments which are now about to be described have all 
been tested for a prolonged period on a sufficiently large workshop scale to 
be convincing. 

In the ordinary shunt-wound electric motor, the field is kept approxi- 
mately constant while the current through the armature varies with the 
load, and this condition causes difficulties whenever the counter E.M.F. falls 
below a certain value. If the order of things can be reversed, and the 


* Abstract of paper read before the Institution of Engineers and Shipbuilders in 
Scotland on November 18. 
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current through the motor armature kept constant while varying the current 
in the field magnet windings, a machine can be produced to do, in all respects, 
the same kind of work, with the important advantage that it can be stalled 
with impunity without danger of increasing the current and without having 
to provide a fuse for safety. The first problem, therefore, was. to produce 
a generator having fixed brushes and no electro-mechanical moving gear 
capable of producing a constant current and varying the voltage rapidly 
and automatically according to the requirements of the external load. It 
was also necessary to be able to give voltage variations from a maximum 
positive to zero, and even to reverse the voltage of the generator and extend 
to a considerable degree in the negative direction. 
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Fic. 1—DraGRAMMATIC ARRANGEMENT OF GENERATOR. 


In Fig. 1 a generator is shown having an armature 11, and separately 
excited field magnet coils 12. The generator may be driven by any con- 
venient motive power, and is specially constructed so as to give commutating 
qualities of a very high order. Coupled to the generator shaft, or driven 
in any convenient manner, is an exciter which is provided for the sole pur- 
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pose of exciting the independent field magnet coils of the generator. The 
exciter is shown in diagrammatic end elevation and longitudinal section, and 
the main circuit is shown completed through a series of motors 1, 2, 3, 4. 

The exciter is provided with a single armature 1, main poles M2, and 
auxiliary poles A2, main brushes M3 and auxiliary brushes A3 to correspond. 
The windings on the main poles carry the main-line current or a portion 
thereof; the auxiliary poles are provided with three separate windings, 
namely :—1, An exciting winding deriving its supply from the auxiliary 
brushes A3. 2. A compensating winding in series with the generator field 
magnet coils, and deriving supply from the brushes M3. 3. A stabilizing 
-winding carrying the main-line current. The auxiliary poles are split into 
two portions Ai and A2 as shown in section, and the exciting and compen- 
sating windings, which embrace the whole pole, are connected to excite in 
the same direction. The stabilizing winding is wound round one part of 
the pole in a direction so as to assist the other two windings, and on the 
other part pole in a direction so as to oppose these windings. The yoke is 
also separated into two parts 3 and 4, by a ring of non-magnetic material 5. 

The action of the machine is as follows :—Currents flowing from the main 
and auxiliary brushes will create M.M.F.’s (magneto motive forces) in the 
armature of the exciter in line with their respective brushes. That in line 
with the main brushes will directly oppose the “flux” produced by the 
exciting winding on the auxiliary poles, while that in line with the auxiliary 
brushes will directly oppose the flux due to the winding on the main poles. 
As the M.M.F. produced in the armature by the current from the main 
brushes opposes and weakens that of the exciting winding on the auxiliary 
poles, it is compensated by means of the compensating winding wound on 
the auxiliary poles so as to assist the exciting winding. The stabilizing 
winding is wound partly to assist and partly to oppose the other two wind- 
ings, and the combination is such that one part pole is strongly magnetized 
and is not sensitive to small changes, while the other part pole is in almost 
a neutral state. It has, therefore, a high permeability, and is supersensitive 
to the slightest change. 

If the current flowing in the line is of such a value that the flux from the 
main poles almost balances that in the armature due to the current from the 
auxiliary brushes, then there will be practically no flux in the main poles, 
and, therefore, only the very small voltage required to excite the generator 
fields under short-circuited line conditions will appear at the exciter main 
brushes M3. If, however, the line current falls slightly, a three-fold effect 
will be produced tending to increase the exciter main field flux and, there- 
fore,-the field of the generator as follows: (1) The armature reaction 
M.M.F. in line with the auxiliary brushes becomes greater than the M.M.F. 
due to the exciter main poles, thus producing a residual M.M.F. in favor of 
the armature. (2) The opposing M.M.F. due to the stabilizing winding on 
the auxiliary poles is reduced, thus further increasing the residual M.M.F 
of (1) by increasing the auxiliary-brush current. (3) Due to the increase 
of the auxiliary-brush current and the corresponding increase of the exciting 

F. on the auxiliary poles, the auxiliary-brush current is further 
increased. This results in a still greater increase of the residual M.M.F. 
of (1). This three-fold effect is obtained with great rapidity, and with little 
or no mutual inductive action between the various adjacent windings. The 
arrangement operates in the reverse direction should the line current be 
increased instead of reduced. In the event of a sudden great increase in the 
line current, the cumulative effect of the three windings on the one part pole 
operates to hold the machine in a stable condition by preventing the reversal 
of the magnetism of the auxiliary poles as a whole. The practical effect of 
the arrangement is, that an ammeter placed in the main-line circuit shows 

practically a steady current, similar in every respect to a voltmeter indicating 
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the voltage on a constant-pressure system, while the voltmeter connected 
between the positive and negative terminals of the generator shows a voltage 
continually varying according to the load. 

Having now succeeded in producing a generator which can supply the 
variable voltage required by the motor, the next problem is to produce a 
motor with fixed brushes suitable for working on the constant current pro- 
vided by the generator. The motor consists of a combination of a large and 
small motor, the two armatures being on one shaft, the small motor being 
known as the regulating motor. The line current passes through the arma- 
ture of the main motor and the field winding of the regulating motor, while 
the armature of the latter is inserted in the exciting circuit. Fig. 2 is a 
diagrammatic sketch of the arrangement in its simplest form. The main 
line, consisting of a single conductor 2-3, is connected to the middle point 
of a double-pole short-circuiting and disconnecting switch 4. In the off 
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Fic. 2.—DIAGRAMMATIC ARRANGEMENT OF Moror. 


position, the switch blades are short-circuited by the connection 4a; in the 
on position, the switch blades connect the line to the motor, the change over 
being effected without rupture of the main-line circuit. A neutral point 
contactor 5, operated mechanically by the control lever, is provided for the 
purpose of short-circuiting the motor in the off position of the controller. 
When contactor 5, therefore, is closed, the line is completed, but the motor 
is not entirely disconnected from it. When the contactor is open as shown, 
the current will flow through the armature 6 of the main motor, the field 
magnet winding 7 of the regulating motor, and the resistance 8 of the 
potentiometer regulator, to the negative section of the line 3. The value 
of the resistance of the potentiometer 8 is arranged so as to give a suitable 
fall of potential (or pressure drop) of a few volts between its terminals, 
and the field magnet windings 9 of the large motor and the armature 10 of 
the regulating motor are arranged in series, the complete circuit being con- 
nected as a shunt to the potentiometer regulator 8 as shown. When the 
contact arm of the potentiometer 8 is at the off position the contactor 5 is 
short-circuited, and only a comparatively small current will flow through 
the motor armature, depending on the relative conductance across the con- 
tacts of 5 on the one hand and the circuit 6-7-8 on the other. As soon, 
however, as the control lever is slightly advanced the: contactor 5 opens 
circuit, and the current flows through the main armature 6, the regulator 
field 7, and the potentiometer resistance 8 to the negative part of the line. 
If now the contact arm of 8 is advanced, say, to the full-on position as 
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shown, there will be a difference of potential of a few volts at the terminals 
of the derived circuit 9-10, sufficient to induce full-load exciting current to 
pass from the positive end of the potentiometer through the armature 10 and 
the field winding 9 to the negative end. If the position of the control lever 
be varied, the potential difference at the terminals of the derived circuit will 
vary, and consequently the value of the current flowing through the field- 
magnet system will vary to correspond. The armature 10 of the regulator 
is connected so that any voltage which it may produce will oppose that 
derived from the potentiometer, 

For the control of a reversible motor, the arrangement is similar, except 
that the plain potentiometer is replaced by. a potentiometer of the reversible 
type. Fie is the most suitable arrangement for winch or crane motor 
control, 

In normal working some motors will deduct voltage from the line, others 
will assist the line by adding voltage to it, and the generator will act to 
some extent as a balancer, maintaining the line current constant and supply- 
ing any extra power required, or absorbing any surplus energy delivered at 
its terminals. The regulator motor also acts either as a motor or a generator 
exactly in the same way as the main motor, assisting it to raise the load or 
to regenerate in harmony with the main motor. It acts only, of course, on 
its own local circuit, and any energy regenerated is dissipated in heating the 
derived circuit, including the potentiometer resistance. 

Troubles due to defective commutation disappear in this motor..owing to 
the fact that the armature current is constant, and the interpoles, which are 
excited by- windings in series with the armature, are also of constant mag- 
netic strength, consequently the machine’ operates under the best possible 
commutating conditions. pee a point is, that it can be subjected to the 
most rapid-reversals without shock. or damage to the motor, the gearing, or 
the supply -system:~ Another important advance is, that the switchgear 
problem disappears. A small potentiometer with substantial moving contacts 
operating at a potential of from 3 to 5 volts.is a form of.controller which 
cannot possibly produce sparking: which could damage or wear out its 
working parts. 

In order to provide a constant-speed motor similar to the ordinary shunt 
or compound machine, an additional winding is added to the field of the 
regulating motor. This winding is inserted in the exciting or derived 
circuit, and is so connected that it is in opposition to the field winding of 
the regulator motor, It will, therefore, restrain the armature of the regu- 
lating machine from reducing the excitation of the main motor until. much 
higher speeds are attained, 

Having now described the motor in considerable detail, it is proposed to 
direct attention to some of the drives for which it is particularly suited. 
The system is clearly one which by. its naturally elastic qualities is adapted 
to meet the case of the most difficult drives met with in practice. It is not 
suggested that it should take the place of the ordinary motor operating on 
the constant-potential circuit for the bulk of constant-speed work, but in 
cases where generating plant must in any case be provided, such, for 
example, as in a ship, then it becomes a most attractive proposition. 

The performance of the motor on a winch or crane load may be taken as 
typical of the class of hand-controlled machines, such as cranes, haulages. 
capstans, winches, windlasses, &c. _ The great advantage is to be able ‘to 
keep full strain on a stationary rope, to draw it in or pay it out at crawling 
speeds, to accelerate quickly and naturally without overloading the generator, 
to reverse instantly in moments of emergency, and to draw the machine up 
standing should the load become locked in some obstruction, without sub- 
jecting the system to excessive strains. It is naturally mistake-proof. with- 
out the use of special contrivances to make it so. Another great advantage 
is that it cannot be put out of action by the blowing of a fuse. The abolition 
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of large resistances, which are large consumers of energy and are unde- 
sirable, prevents a great waste, and the regenerative features turn this 
saving to positive and practical account. The simplicity of the cable work 
is one that must afford relief to the shipbuilder and shipowner. For capstan 
work it provides the ideal; slow-speed full torque rising automatically to 
high-speed light torque, with the ability to supply just the steady flexible 
pull which the duty requires. The windlass is another instance where the 
application of the electric drive has been difficult. As the anchor is usually 
lowered with a free barrel, there is no scope in this case for regeneration, 
but the fact that the anchor can be pulled home into the hawse pipe and 
held there with ease and safety and great economy while it is being secured, 
is an advantage which-is lacking in the direct-operated electric windlass 
worked by a direct-current motor. 

Unlike the usual electric motor operating on fixed voltage, the new motor 
possesses exactly the correct characteristics for the driving of pumps. 
Troubles with the-existing method have been numerous, but in the case of 
the new motor these disappear. The motor may be set to drive a pump 
operating on a closed-pipe system, and the torque adjusted so that the motor 
will be stalled when the pressure rises above normal. It may be switched 
on and left to itself, and it will adjust its speed to suit the delivery of liquid 
required. The new motor also provides a flexibility of fan control which is 
not possible on any other system, and in all cases with high efficiency. The 
fan may be run at any speed from a few revolutions per minute to any 
overspeed range within the power of the motor, and it will be found impos- 
sible burn out the motor, even when developing power far above the 
normal. 

Many attempts have been made to produce a satisfactory electric steering- 
gear, but electro-hydraulic arrangements have had to be adopted in most 
cases. The new constant-current motor can be applied directly to steering 
gear in the same way as a-steam engine, and an infinite number of starts 


_and stops can be made with ease. The motor is controlled by a hunting gear 
operating a three-position switch on a three-volt circuit, and it is incon- 
ceivable that anything would be likely to get out of order.—“Shipbuilding 
and Shipping Record,” Nov. 20, 1924. 


VICKERS OIL SEPARATOR. 


Since the introduction of the Oil in Navigable Waters Act of 1922, which 
rendered owners or masters of vessels liable to heavy penalty for allowing 
the escape or discharge of oil into territorial waters, a variety of apparatus 
has been devised for dealing with oil-contaminated water on board ship. 

Following on a series of experiments in this connection, an interesting 
form of separator has been designed and patented by Vickers Limited, and 
has been fitted on the Orient Liner Orama, recently completed at Barrow. 
It is intended that similar apparatus will be provided on board other vessels 
at present in course of construction. 

The principal feature of this apparatus, which we illustrate diagrammatic- 
ally, is the simplicity of construction and operation. The separator consists 
of a closed tank receiving the mixed oil and water, usually under a head of 
pressure, and is provided with internal vertical walls or partitions, forming 
channels communicating with each other through perforations so arranged 
in relation to directing baffles that, as the contaminated water passes from 
the inlet to the discharge end, it takes a circuitous course, during which 
time the oil is allowed to rise to the top of the liquid and accumulate under 
the cover of the tank, which directs it to a collecting space from which the 
oil may be discharged. 
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DIAGRAMMATIC SECTION AND PLAN OF THE VICKERS O1L SEPARATOR. 
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In the particular separator here illustrated the tank is cylindrical in form, 
provided with a shallow conical roof or cover which is provided at the center 
with an oil-collecting chamber, having an internal steam coil which keeps 
the oil fluid, in the case of separation of very thick oil, and enables the oil 
to flow through the discharge pipe. Through the center of the cover projects 
the inlet pipe extending almost to the bottom of the tank, by which the 
mixture of oil and water is introduced into the separator. The internal 
walls, which extend from the bottom of the tank to within a few inches of 
the cover, are in the form of concentric cylinders with radial divisions in 
the annular space between each pair of cylindrical walls, communicating 
holes being provided in each cylindrical division on one side of the cross 
wall, the liquid being carried in a spiral direction. The liquid is also caused 
to flow in a rising and falling manner as it passes around the annular sepa- 
rating ‘chambers by means of sloping baffles fitted between the cylindrical 
walls. The discharge of the water after the separation of the oil is effected 
through a discharge pipe placed at the extremity of the outer separating 
chamber, the pipe leading from near the bottom of the tank, and the water 
being forced out by the head of pressure at the inlet. The discharge pipe 
is carried to a higher level than the top of the separator in order to main- 
tain a head of pressure on the small discharge pipe. This enables the 
accumulation of oil to be automatically discharged by merely opening the 
valve on the oil-discharge pipe. While the circular form illustrated is a 
very convenient construction, the separator may, of. course, be of rectangular 
or any other form which may be particularly suited to the space available 
on board ship. The apparatus can also be used as a shore appliance or as a 
floating unit for work in harbors and docks. 

The system of piping illustrated is that which has been adopted on the 
separator fitted in the Orama. The discharge from the bilge or ballast 
pump can be thrown directly overboard, or alternatively. pumped through 
the separator if oil is present in the water. The oil-discharge pipe leads 
into a small observation tank so that the nature of the discharge can be 
examined, the intention being that the oil-discharge valve will only be 
opened at intervals when an appreciable amount of oil has collected in the 
separator. It is, of course, essential that where considerable quantities of 
oil are present in the mixture that a good cushion of water should. be main- 
tained in the separator, water being added to the mixture when pumping for 
this purpose, if necessary.—‘“Shipbuilding and Shipping Record,” Dee. 25, 
1924. 





HAZARDS OF INDUSTRIAL OIL BURNING. 


DiscussIoN OF THE FLASH PorntT—HEATING oF O1L IN StTorAGE TANKS— 
StoraGe MetHops—Fire HazArD—FEATURES OF DESIGN— 
INSTALLATION AND OPERATION—CAUSE OF O1L Fires. 

By H. E. Neweiy,* New York, N. Y. 


The question of proper flash-point requirement for oil fuel has been dis- 
cussed at great length, but to date the consensus of opinion appears to be 
that 150 degrees F. closed-cup tester is a reasonable one. This figure has 
been adopted by the U. S. Navy, the American Bureau of Shipping, the 
British Admiralty, Lloyds, the National Board of Fire Underwriters and 
the National Fire Protection Association. In recent years considerable 
opposition to this figure has been evidenced, the claim being made that it 
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. F. P. A. Committee on Flammable Liquids. ; 
Contributed by the Power Division for presentation at the Annual Meeting, December 
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was arbitrarily determined and is not the result of tests and scientific inves- 
tigation. It is true that the origin of this requirement is doubtful, but in a 
recent unpublished report of an investigation made by the Navy Department 
to determine a safe flash point, the conclusion is reached that the aforesaid 
figure is a safe and reasonable one. Probably the most serious objection 
to it is from a portion of the oil industry on the ground that it prevents the 
use of lower-flash oils, otherwise suitable as industrial fuels. 


FLASH POINT—-TOPPED AND UNTOPPED OILS, 


This established flash point prevents the use as fuel of untopped, or in 
other words crude, oil. There are, however, in Mexico extensive fields of 
low-grade asphaltum oil of volatile content claimed to be too low for 
profitable refinings. Panuco River oil is of this type; it comes from the 
well flashing at ordinary temperature and has a maximum volatile content 
of from 3 to 5 per cent. Despite regulations, much of this oil has been 
shipped to and is now in use here in the States. Topped oils of asphaltum 
base ‘flash considerably above 150 degrees F. The question naturally arises, 
does the use of untopped oil materially increase the general hazard? Being 
a crude oil, its volatile content, no matter how slight, is given off at ordinary 
temperatures thus increasing the usual hazard incident to filling, and in 
general handling operations. While in storage under normal conditions, 
vapor is continually given off, thereby increasing the hazard of leakage. 
These objections probably are not wholly valid so far as crude oils with 
volatile content as low as that of Panuco oil are concerned, but what 
assurance would there be that crudes of even greater volatility would. not 
be used? It might be argued that economic factors in the oil industry would 
prevent this, but in answer to this it is pointed out that in the West, ordi- 
nary mid-continent crudes of mixed base have been used as fuel when the 
price was low. Another objection is the possibility of unburned oil finding 
its way into the combustion chamber, vaporizing there and igniting so 
rapidly upon starting up, as to form an explosion of force sufficient to blow 
out the front of the boiler setting. 

Before topping, the crude oil is freed of the greater part of free mineral 
or organic matter by agitating and washing; thus the residuum used. as. fuel 
oil is free of such matter and naturally carbonization troubles in combustion 
are thereby greatly reduced. In the case of crudes used as fuel, however, 
these cleansing processes are not performed, hence their use tends to increase 
this troublesome feature in oil burning. This feature is mentioned, as it has 
indirectly been the. cause of numerous. fire- and smoke-damage losses in 
oil-burning installations. 

Another dangerous feature inherent to crude. oil is its tendency to boil 
over. Under fire conditions the highly heated foreign matter sinks to the 
bottom and starts local heating which finally results in boiling. Topped 
fuel oil has been known to boil, during laboratory tests, probably due to 
water at the bottom of the container, but rarely has this been encountered 
in actual practice. 

It is true that Lloyds and the American Bureau of Shipping permit the 
use of untopped oil, but only when the ship is specially fitted for such a fuel. 
The Battle of Jutland illustrates the desirability of topped fuel oil; six 
British destroyers were hit by the Germans, yet, of the four fires resulting 
only two were oil fires; in one case the supply pipe was ruptured but the 
resulting fire was quickly extinguished. In both instances the fires would 
probably have spread rapidly beyond control had the oil been a crude, as 
vapor would have been liberated immediately upon exposure of the oil. 

It may be, as claimed, that the difference in hazard between an oil of 
100 degrees F. flash point and one of 150 degrees F. flash point is largely 
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theoretical, and not serious enough to cause concern, but until comprehensive 
asia have demonstrated the latter, wisdom clearly points to the established 
gure. ; 


HEATING OILS IN STORAGE TANKS. 


The subject of flash point is closely related to that of heating oil in 
storage. Mexican fuel oils, and in fact all asphaltum-base oils, are so 
viscous as to necessitate heating in order to permit of pumping to the burner. 
This does not relate to the preheating designed to facilitate atomization. 
The National Board regulations prohibit heating oil in storage to more 
than 40 degrees below the flash point; and thermostatic control of tempera- 
ture is advocated. Thus in the case of 150-degree flash oil, 110 degrees 
would be the maximum permissible degree of heating. 

Many engineers claim that this requirement is so Santic as to be imprac- 
ticable, for the reason that much of the Mexican fuel oil is so heavy as to 
require heating to considerably above the permissible point. In marine 
practice, it has been pointed out, it is quite usual to heat the oil up to its 
flash point, this being necessary in the case of oils of 10 to 12 degrees B. 
A theory advanced is that the mixture resulting from heating to flash point 
is so rich as to render the support of combustion impossible. But is this 
true? It is apparent that the entire body of oil within the tank is not uni- 
formly heated, the oil away from the immediate vicinity of the heating coils 
being at a lower temperature.. Vaporization is of course increased, but it 
seems more reasonable to believe that there would be a series of mixtures 
above the liquid level, or in other words, the space above the liquid level 
would be stratified. Reasoning further along this line, is it not possible 
that these mixtures would cover the greater part of the explosive range of 
the vapor? This is merely theorizing, it is true, but it is well known that 
stratification occurs above the liquid level in all tanks containing volatile 
liquids. If crude oil or low-flash oil were permitted, vapor would be given 
off more steadily and probably the mixtures above the liquid level would 
be richer, but as in the case of higher heating temperatures of permissible 
fuel oils, the usual vapor leakage hazard would be greater. The argument 
might be advanced that marine practice has not proved higher heating of 
oil in storage to be a material hazard, but in answer to this it is suggested 
that no marine records are available, that there have been numerous fuel-oil 
fires in connection with marine equipments and that full explanations have 
not been forthcoming. It is also pointed out that the Navy prohibits the 
heating of oil to or above its flash point in any part of an oil-burning system, 
except between heaters and atomizers. 

It is conceded that there is a theoretical phase to the question and that it 
can only be settled by comprehensive tests, but certainly, in the absence of 
conclusive data, it is only sound engineering to be conservative. 


OIL STORAGE METHODS. 


There are four methods of storing fuel oil, as follows: Outside, under- 
ground storage tanks, under-the-building storage tanks, above-ground storage 
tanks, and inside-the-building storage tanks. Each of these methods of 
storage introduces a different degree of hazard; the outside, underground 
storage is the safest installation possible and the inside-the-building storage 
the most hazardous. ; ’ 

Gravity flow from storage to burners is not permitted, but the National 
Board rules permit gravity flow through a broken connection from main 
storage to a service tank from which the supply must be pumped to the 
burners. The use of a normally broken connection is required in order to 
safeguard against gravity flow or siphonage from main storage to burners. 
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Underground storage tanks may be of steel or reinforced concrete, but 
the use of the latter is restricted to the storage of oils under 35 degrees B. 
The rules require the tank to be buried so that the top will be at a specified 
depth below the surface and below the level of any piping to which the tank 
may be connected. The permissible capacity of individual tanks is dependent 
on their location with respect to adjacent buildings. The outside, under- 
ground method of storage is safest for the reasons that practical immunity 
from the lightning hazard is secured, and the probability of the breakage 
of pipes or the rupture of the tank itself is reduced to a minimum. This 
has been proven in practice, as the experience with this type of storage has 
been excellent. 

The practice of storing fuel oil in tanks buried beneath buildings is quite 
common in the business districts of large cities where storage space is scarce. 
Very often municipal regulations prevent placing a tank beneath the sidewalk 
and the owner must therefore install the tank within the building or beneath 
it. This method of storage entails a somewhat greater degree of hazard ‘as 
the probability of oil and vapor escaping into the building, especially during 
the filling operation, is increased. But experience with this method of 
storage has also been very good. With tanks well constructed and properly 
installed the hazard in either case is not deemed material. 

In many cases local conditions are such as to necessitate placing the 
storage inside the building. Such installations must be protected against 
the danger of falling walls incidental to large fires, and also insulated 
against the heat of furnaces. The regulations require enclosures of rein- 
forced concrete, with sand as an insulator between the concrete and the tank 
shell, as protection against these hazards. Such storage installations have 
been considered as more hazardous than those previously described, but to 
date they have proven highly satisfactory and they have not been involved 
in any serious fires. 

It frequently papeens that storage systems of this kind must be so installed 
that the top of the tank is above the suction pipe of the oil pumps, thus 
introducing the possibility of siphoning. At the time the present fuel-oil 
regulations of the National Board were drawn, there was considerable 
doubt as to whether an oil as viscous as 11 to 14 degrees B. would siphon. 
It was thought that despite the heating of a portion of the oil the remainder 
would be cold and consequently so viscous as to prevent siphoning. Tests 
were contemplated but suitable arrangements could not be made with the 
oil industry at that time to conduct them. An anti-siphoning device is 
required for such installations, but to date there appears to be none available 
that is entirely satisfactory. 

The fire record clearly indicates that outside above-ground storage is most 
hazardous. Lightning forms the principal danger to outside storage tanks. 
In the past many s, while having shells and bottoms of steel, were pro- 
vided with wooden roofs; the losses in connection with such construction 
have been particularly high. Experience has proven that properly con- 
structed all-metal tanks, i.c., tanks with bottom, sides and top constructed 
all-metal, properly riveted, vented and grounded, are practically immune 
from the lightning hazard. Such tanks, however, must be as vapor-tight as 
practicable and the joints so made as to eliminate the possibility of sparking 
during static discharges. : estat 

The British Government a few years ago engaged the eminent scientist 
Sir Oliver Lodge to investigate this lightning hazard and recommend means 
of mitigation. The Lodge report calls for a tank such as above described, 
but does not stress the importance of grounding. It also points out that 
any tank so constructed is as safe from the lightning danger as anything 
can well be. Recent findings of an American committee appointed to inves- 
tigate this phase of the oil hazard verify the conclusions of the Lodge report. 

















208 NOTES. 


Certainly experience in the oil fields and here in the East clearly indicate 
the superiority and high degree of safety attendant on the use of properly 
constructed all-steel tanks. 

The possibility of fuel oil boiling over under fire conditions has been 
mentioned previously. The framers of the present rules have deemed this 
hazard sufficiently serious to require the diking of fuel-oil tanks. It is 
apparent that the boiling over of any tank would seriously endanger sur- 
rounding property, hence these dikes are required to be large enough to 
contain one-and-a-half times the capacity of the tank surrounded. With 
tanks so constructed and diked the hazard of above-ground storage is greatly 
reduced, but unfortunately it usually happens that maintenance is poor, an 
the tension on the joints incident to contraction and éxpansion of the oils 
under varying temperatures strains them to the point where leakage of 
vapor begins. When this occurs the value of the protection created by 
proper construction is seriously impaired, and trouble is naturally encountered 
when static discharges occur. 

Regardless of the storage method employed, it must be remembered that 
there will be hazard so long as leaky joints and other forms of improper 
construction are permitted to exist. Safety can only be obtained by assuring 
proper storage and preventing undue. exposure or leakage of oil or vapor. 


ESSENTIAL CONSTRUCTION FEATURES OF OIL STORAGE TANKS FROM THE STAND- 
POINT OF FIRE HAZARD. 


As in the case of any structure, the foundation of the tank, whether it be 
a concrete or metal container, must be sufficiently stable to bear the weight 
to be imposed thereon, The metals employed in the construction of steel 
tanks must of course be of suitable gauge. Riveting, welding and calking 
must be such as to assure a good mechanical and vapor-tight joint. This 
tightness of joints applies to the joining of the tank roof to the shell as 
well as other joints. In the past it has been the practice to provide wide 
spacing of rivets at the roof joint so as to permit lifting of the roof and 
salvage of the tank shell, should any undue pressure be created. 

The modern practice does not follow this line of reasoning but makes the 
safety of the entire structure depend upon the gas-tightness of the com- 
pleted structure and suitable means for venting any interior pressure that 
may be built up. 

The importance of adequate venting facilities for storage tanks cannot be 
overemphasized. Many engineers in designing tanks simply consider the 
breather requirements and outflow of air in connection with filling opera- 
tions, when determining vent size. In all cases the possible effects of 
exposure fire should be given consideration and an added venting factor be 
provided for this feature. Under exposure fire conditions, if venting facili- 
ties are adequate the tank will act as a still and simply give off vapor, which 
may burn at the vent opening. If the venting facilities are inadequate the 
pressure within will be built up to the point where rupture at the weakest 
point will occur. In order to prevent this, venting facilities should take into 
account the exposure-fire hazard. This may be accomplished by providing 
vents in addition to the ordinary breather vents, the covers of openings for 
gauging purposes or manhole covers to be held in place by weight only. If 
the tank is not located on earth of such nature as to insure a good ground, 
copper rods or wires bonded to the tank shell and extended to permanent 
moisture should be provided. 

The National Board of Fire Underwriters has promulgated complete 
specifications for all-steel tank construction and for the construction of 
reinforced-concrete fuel-oil tanks. The latter were drawn up with the 
co-operation of the Concrete Institute. 
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In the past, considerable difficulty was experienced in making suitable 
joints in reinforced-concrete containers designed for fuel oil. The previ- 
ously noted specifications stress the importance of this feature and provide 
for continuous pouring operations during the making of joints and pouring 
of enclosing walls. The remarks above made concerning vents also apply 
to concrete containers. 

The efficiency of a concrete tank will naturally depend upon its oil- 
tightness. Leaky tanks are usually the result of improper design and lack 
of experience on the part of constructing engineers. It is therefore im- 
portant that a competent, experienced designing and constructing engineer 
be responsible for the design and construction of the tank. 


VENTS AND SCREEN ARRESTERS. 


Adequate data for the determination of vents on oil tanks are not available. 
The regulations specify a minimum size of vents but do not mention the 
exact amount of venting facilities necessary on tanks of various sizes. A 
comprehensive series of tests should be made by some agency to determine 
accurately proper venting requirements. This feature is of far-reaching 
importance for the reason that if venting facilities are inadequate, the con- 
tainer, no matter how well constructed otherwise, will be seriously endan- 
gered when an exposure fire occurs. The Underwriters’ Laboratories have 
not the funds to permit the making of the necessary experiments, and it 
would seem that such an investigation should more properly be undertaken 
and carried out by the oil industry. 

A similar condition exists with regard to the screening of vents. It was 
formerly believed that regardless of the size of the vent opening, a 
20 X20-mesh screen would prevent flame from passing to the tank interior. 
However, an investigation conducted some years ago by the Underwriters’ 
Laboratories in order to determine the propagation of flame in pipe and the 
effectiveness of arresters indicates that screens of such mesh are of very 
little value. Screens of 40 X 40-mesh on vent pipes of small size were 
found to be efficient, but when applied to pipes of slightly larger size they 
were found to be of value only near the upper and lower limits of the 
explosive range of the mixture passing through. On pipe sizes four inches 
and larger screens were found to be ineffective; arresters consisting of a 
bank of tubes were found to be of value when applied to vent openings any 
larger than six inches in diameter. It is therefore apparent that further 
research and investigation is necessary in order to determine accurately 
proper requirements for screen arresters. It has been claimed by operators 
that screens of 30 X 30- and 40 X 40-mesh clog up with dirt during the 
summer months and in the winter months cause trouble due to the freezing 
of condensation which accumulates. Probably good maintenance in connec- 
tion with frequent inspection would prevent this but the natural tendency 
appears to be to remove the screen just as soon as trouble of this kind occurs. 


TANK REPAIRS. 


When tanks are to be repaired, every precaution should be taken to insure 
against the presence of oil vapor within them. To this end they should be 
thoroughly steamed before any oil is permitted to enter. Specimens of oil 
should preferably be analyzed before work is started. 


ESSENTIAL INSTALLATION REQUIREMENTS FOR OIL-BURNING SYSTEMS. 


Previous to the advent of the mechanical atomizer for industrial purposes, 
it was only necessary to provide for a working pressure of less than 100 
pounds; for low-pressure systems the requirement was and still is that 
piping shall be of standard full-weight wrought iron or steel. For working 
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pressures in excess of 100 pounds extra heavy piping and fittings are 
required. With increased pressures it is obvious that any leaks that occur 
become more serious than in the case of a low-pressure system. Piping 
should be run as directly as possible without sags and so laid that where 
possible pipes pitch back to the supply tank without traps; provisions should 
also be made for expansion, contraction, jarring and vibration. Upon com- 
pletion all piping systems designed for working pressures under 100 pounds 
should be tested and proven tight at a pressure of not less than 150 pounds ; 
where systems are designed for working pressures in excess of 100 pounds, 
they should be tested and proven tight at a pressure 50 per cent in excess 
of the working pressure. 

The percentage of fires directly due to breakage of pipes and leakage at 
joints as shown by the statistics given later indicates the necessity of guard- 
ing piping against mechanical injury... Opinion is divided as to whether 
above-ground or below-ground installation of piping is preferable. When 
the present rules were drawn, the committee strongly favored the latter, but 
many experienced operating engineers were just as emphatic in their prefer- 
ence for above-ground or overhead piping systems. The rules accordingly 
permit either, when suitably safeguarded. 

In general, all piping should connect at the top of tank to facilitate access 
and prevent escape of oil from tank in case of a leak in connections. Pipes 
conveying oil from tank to burner should be arranged with a view to pre- 
venting their injury and to preventing continued flow of oil if leakage or 
fire occurs. When more than one oil tank is connected to one supply pipe, 
there should be a separate control valve on each.and one on the main line. 

So far as practicable, piping should be outside and carefully buried, care 
being exercised to guard against corrosion; if necessarily outside, it should 
be laid in a trench with proper metal cover; if on the floor, attached to 
side walls or ceiling or otherwise subject to mechanical injury, adequate 
protection is of course necessary. 

Suitable protection for outside piping demands laying in solid earth or in 
a trench, but the laying of oil piping, in the same trench with other pipes, 
excepting steam pipes, should not be permitted. Instances have been known 
where repairs to oil piping in trenches also containing oxygen lines and lines 
for other fuel gases have occasioned serious accidents involving loss of life. 
In order to avoid such occurrences it is a good plan to identify the various 
piping systems by painting them in distinctive colors. But even this pre- 
caution does not justify placing oil and oxygen lines in the same trench or 
indeed, in close proximity to each other. 

Pipes leading to the surface of the ground or above the floor, particularly 
risers to furnaces are vulnerable points in these systems and require jacketing 
or other suitable form of protection against mechanical injury. Where pipes 
pass beneath buildings it is a good plan to enclose them in larger pipes with 
ends open outside the building, for drainage, so that any leakage will be 
quickly discovered. It is also important to safeguard piping against jarring 
and vibration such as might be occasioned by drop forges, presses, etc. 

Openings for pipe through outside walls below ground level must be made 
oil-tight and securely packed with mineral wool or other flexible material 
in order to guard against the results of leakage from outside. 

Under fire conditions the importance of being able to shut down the oil 
pump is obvious. For this reason it is necessary that pumps be so located as 
to permit shutting down without passing through the room where burners 
are located; if this arrangement is not possible, then some means for remote 
control should be provided. Pump rooms should be above grade and be well 
ventilated. Oil-pump rooms are of course more or less oily and for this 
reason their construction should be fire resistant. 

Oil pumps are usually of the rotary type. Such pumps should be geared 
to the same shaft with the blower apparatus so that the flow of oil and air 
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may be stopped simultaneously. An expansion chamber and relief valve on 
the discharge with drains to the storage tank are of value in regulating the 
flow. There should of course be a by-pass around the pump so as to permit 
piping to drain to storage tank. Suitable strainers should be installed in the 
suction line. Large basket strainers are recommended in the receiving or 
filling line of storage tank to remove dirt and foreign matter. The ordinary 
basket type of strainer with coarse mesh wire gauze is usually installed on 
the suction side of the pump. The gauge of these strainers should not be 
finer than 8 mesh, as the primary function of this type is to protect the 
pump. Too fine a mesh is objectionable as it resists the flow of the relatively 
cool oil, puts excessive strain on the pumps, and may result in the pump’s 
losing suction. All strainers should be inspected and cleaned as a matter of 
routine at least once a day. If dirty oil is received, they should be cleaned 
more frequently. It is advisable to have an extra supply of strainers on 
hand, clean and ready for use. 

A pressure gauge connected by a three-way valve to each side of the 
strainer will instantly show a drop in pressure through the basket and serve 
as a warning of dirty strainers. It is better to use only one gauge to take 
both pressures, as it is the difference in pressure on the two sides that is 
\desired. Errors in the accuracy of the two gauges may lead to a wrong 
impression. In the case of burners other than those of mechanical atomizing 
type, they should be so designed as to make impossible the enlarging of the 
orifice through which the oil is discharged; the design should also be such 
that the needle valve cannot be unscrewed and removed in operating. 
Burners should be properly supported and, if necessary, independently of 
the piping. As soon as a burner gives evidence of becoming dirty and when 
it is cut out of use on a boiler, it should be removed and all parts immediately 
dropped into a pan containing kerosene. When the carbon has become soft, 
it should be removed and the various parts then thoroughly cleaned. It is of 
pronounced importance to keep burners in a thoroughly clean condition so 
as to minimize carbonization. 


OPERATION. 


When starting up a new oil system, or after a long period of idleness, 
care should be exercised to insure that the system is free from waste, flakes 
of shellac, red lead, and dirt, by thoroughly blowing through with air. All 
strainers should be cleaned and any wire mesh found to be defective, 
removed. Cleanliness of atomizing tips and other parts of burners should 
be insured and they should be properly adjusted in the air registers. The 
latter should be tested out to insure their working condition. Individual 
control valves to each burner should be closed. If air chambers are fitted 
on the oil lines they should be drained and then charged with compressed 
air. Valves in pump suction lines should be opened. Blowers should be 
‘warmed up and ready to turn over. In lighting, a hand torch should be 
used, the fireman standing well away in order to avoid a flareback. No 
matter how hot the furnace may be, if all burners are temporarily out, no 
effort should be made to relight from the incandescent brickwork. The most 
serious accidents have been occasioned by this practice. A suitable lighting 
torch may be made by securing on the end of a rigid wire rod about 2% or 
3 ioe in length a few loose ends of asbestos wicking which may be dipped 
in oil. 

Every precaution should be taken to prevent unburnt oil from collecting 
in the furnace, as the hot brick gasifies it and there is serious danger of a 
violent explosion. Proper precautions will eliminate such dangers. 

A flareback is caused by an explosion of a mixture of oil and vapor or 
gas and air in the furnace. Such an explosion may cause grave injury to 
the burner and serious damage to the boiler, its fittings and Gttachinanis. 
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A flareback is most likely to occur in lighting up or in attempting to relight 
an atomizer or burner from a hot brick wall. The following precautions 
should be observed to prevent flarebacks : 

a Do not permit oil to accumulate in the furnace. Oil on furnace floor 
should be wiped up and the furnace blown through with steam or air before 
lighting the burners. Burner control valves must be kept tight at all times 
to prevent leakage of oil into the furnace. 

b Whenever burners are accidently extinguished, shut off the oil and blow 
through the furnace with steam or air before relighting. Never attempt to 
relight a burner from a red-hot brick wall. Use a torch. 

c When a flareback occurs, close the master oil valve shutting off all oil 
to the furnace. ‘ 

d Speed up the blowers if in operation. Shut down oil pumps. 

Attention is directed to the serious hazard arising should dampers in the 
flues to the stacks be closed or induction fans be inoperative at the time the 
oil is being ignited. Owing to the liability of explosion, the operator must 
— himself positively that all vents are clear and open before starting 
the fire. 

During operation care should be exercised that atomizers or burners are 
never left disconnected ; the operating cock or valve might be unintentionally 
— which would result in oil running into the boiler room with disastrous 
effetcs. 

The temperature of fuel oil should never be raised to or above the flash 
point in any part of the system except between the preheater, and the 
atomizers or burners. The more viscous the oil, the more necessary is it 
to reduce the viscosity to a low point to obtain good atomization, and the 
more difficult is it to do so. To obtain the best combustion, it may possibly 
require heating the oil to a temperature high above the flash point, which 
is deemed a dangerous expedient unless extreme care is taken to guard 
against leaks in the oil lines. 

In brief, the safety of a fuel-oil system against fire and accident will 
depend, first, upon the quality and strength of materials employed in con- 
struction; second, upon the manner of installation, and third, upon the 
maintenance and operation of the system. To insure the latter, every mem- 
ber of the boiler-house force should be thoroughly acquainted with every 
detail of the installation. He should understand the operation and the pur- 
pose of the atomizers or burners, registers, pumps, heaters, blowers, strain- 
ers and all other equipment. It is particularly important that he know the 
location and the proper manipulation of all valves and manifolds and that 
he be able to locate them and manipulate them when the room is in darkness. 


FIRE CAUSES, 


The importance of correct installation and proper maintenance of oil- 
burning equipments is very well illustrated by the causes of fires in such 
installations. } : ’ ite treed 

The 1913 statistics of the National Fire Protection Association indicate 
the following causes: - ‘ 

Feed pipes, 30.. Of these 21 were due to the breaking of pipes, 5 to leak- 
age of feed pipe, one to repairs on pipe due to clogging and others to some 
form of clogging or breaking 

Valves, 5. Of these 3 were valves that broke or blew out and two were 
defective valves allowing oil to escape 

Burners, 7. Defective or broken burners, 3; clogged burners, 3; fracture 
at connection of burner to pipe, 1. : 

Valves accidentally opened or left open by mistake, 2; blower troubles, 3. 

Starting troubles, 5; of which 2 were due to burner being opened too wide 
and 2 to pump being started before ignition took place. 
Miscellaneous escape of oil, 6. Miscellaneous causes, 6. 
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The following fire record was compiled by the National Fire Protection 
Association in July, 1918: 





Causes No. of Fires Per cent 
Broken’ pepés. 005.052. PG 2 OU Oa 26 25.5 
Broken and defective fittings and valves...... 12 11.7 
Carelessness with valves................000 11 10.8 
Overheated oil furnaces..................0.. 7 6.9 
Miscellaneous carelessness ...............0.. 7 6.9 
Broken and defective burners and burner con- 

MOREHOS Scarce ncaa coal Cin tina bie cen oak 5 4.9 
WEAMIE HIER 2 cots Sad ge ct twee oe ace 5 4.9 
Sparks or flames from oil furnaces........... 5 4.9 
Explosions in furnaces...,..........eeeee0e8 4 3.9 
Clogging of pipes, obstructions to burners.... 4 3.9 
Oil getting into air pipes................000- 3 2.9 
Defective or improperly installed tanks....... 3 2.9 
Explosions in tanks...............ceeeeeeeee 2 2.0 
Oil soot ignited in flue...............-. eee 1 1.0 
DAUR ACME. «is aaa inst aaae oetke #oieaaioas 7 6.9 

| ale ei ey WES a So Ie de AO 100.0 


102° 
— ‘Mechanical Engineering,” Mid-November, 1924. 





PROPER CLAY FOR FURNACE WALLS. 5 
By M. S. GEREND. 


It has for many years been recognized as a cardinal principle in the setting 
up of boiler furnaces that the mortar or clay in which the firebrick or tile 
is laid should be equal in strength and heat resistance to that of the brick 
or tile. In order to avoid having the mortar act as a flux, thereby lowering 
the fusion point of the brick, it has been found advisable to use a clay or 


Degrees F. 
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cement having the same chemical characteristics as the brick. Clay or 
cement having a low fusion point will melt out of the joints, leaving open- 
ings through which the furnace gases can attack the brick on more than 
one face, causing rapid deterioration. Particles of ash will also become 
attached to the walls by reason of the fluxed clay, causing slag deposits or 
possibly, fluxing of the brick. 

Ordinary fireclay has little mechanical strength, and it has been the custom 
for bricklayers to add portland cement, silicate of soda and other binders 
to the clay in order to increase its mechanical strength. As long as the 
added material does not act as a flux to lower the fusion point of the clay, 
it may serve a useful purpose, especially in that portion of the furnace which 
is not subject to a heat that will sinter the clay—that is, cause it to form 
into a solid mass by heating. Many of the binders have a violent fluxing 
action on clay, and in order to show graphically the typical lowering of the 
fusion point of a high-grade clay due to an admixture, the set of curves 
shown have been drawn. The data covering these curves have been com- 
piled from several sources, largely from Mellon Institute reports.—“ Power,” 
Nov. 11, 1924. 


OPERATION OF. 1200-POUND PRESSURE GENERATING UNIT 
AT THE WEYMOUTH POWER STATION, EDISON 
ELECTRIC ILLUMINATING CO., BOSTON. 


By E. W. Norris, 
SToNE & WEBSTER, INCORPORATED. 


One solution to the insistent demand for better and better economy of 
power production lies in raising pressures and temperatures, thereby making 
available wider ranges of temperature over which to work the steam. The 
building of steam turbines suitable for such operation presents no insur- 
mountable obstacles for this type of prime mover is capable of utilizing as 
high steam pressures and temperatures as can be generated. Great engi- 

neering interest is therefore attached to the 1200-pound turbine-generator, 
of approximately 3000-kv-a., described in the following article, for it will 
be the first of so high a pressure to be placed in commercial service in this 
country. Its unique thermodynamic features are outlined and its operation 
under both normal and emergency conditions is explained.—Ep1tor. 


APPARATUS. 


The high-pressure installation at the Weymouth Power Station will con- 
sist of a boiler and turbine designed to operate at a maximum steam pressure 
of 1200 pounds per square inch. After generating the steam at this pressure, 
the boiler will superheat it to 700 degrees F. total temperature and then 
deliver it to the turbine. From the turbine the exhaust at 360-pound pressure 
will return to the boiler where its temperature will again be raised to 700 
degrees F. The steam will then be delivered to the main steam header for 
use in the normal-pressure (350-pound) turbine-generators. The high-pres- 
sure boiler and high-pressure turbine are to be operated together as a unit, 
giving complete certainty as to steam path and division of load. 

The 1200-pound steam boiler is a modification of the conventional cross- 
drum type, the heating surface consisting of 2-inch diameter tubes 15 feet 
long, arranged in three passes. The tubes are separated into upper and lower 
banks, with a primary superheater between. Above the upper bank is a 
secondary superheater or reheater. The tubes of this reheater are at right 
angles to the tubes in the main heating surface and are so arranged that 
the gases pass through them between the first and second passes of the 
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boiler. The main boiler baffle between these passes is extended up into the 
reheater, by means of an adjustable damper. When this damper is in its 
lowest position, all the gases are forced to pass through the reheater. When 
the damper is raised to its highest position, the reheater is by- passed and is 
practically out of service. Intermediate positions of the damper give vary- 
ing degrees of effectiveness to the reheater. 

The boiler is fired by the conventional type of Taylor stoker. 

A special arrangement of safety valves is used to protect the boiler. The 
cross-drum is provided with a series of such valves, set to blow at 1200 
pounds pressure. In order to protect the primary superheater, a safety 
valve is placed on its outlet and set to blow at 1190 pounds. It is possible 
that after operating the seats of these valves would be destroyed, which 
would render necessary the shutting down of the boiler and the reseating 
of the valves before continuing operation. In order to avoid such undesir- 
able wear of the valve seats, a warning to the fireman is provided in the 
form of two telltale valves. These are placed on the discharge from the 
primary superheater, are of small diameter and are set to blow at 1170 
pounds per square inch. Between them and the steam connection are placed 
gate valves. In operation, one of these gate valves will be closed; the other 
open. Should the pressure rise near the 1200-pound point, the first telltale 
valve will blow, giving the fireman an opportunity to reduce the pressure 
on the boiler in time to prevent the main valves from blowing. The telltale 
valve which has blown can be shut off by the gate valve below it, and the 
other telltale valve put into service by opening its gate valve. The first 
telltale valve can then be removed and reseated if necessary. In this way 
the boiler can be kept in continuous operation even though the safety valves 
should require special care. 

The control for the high-pressure boiler is of the. Bailey electric relay 
type, and is similar in all respects to the control supplied to the normal- 
pressure boilers at the Weymouth station. In operation, the 1200-pound 
boiler will not be regulated by the master pressure controller of the normal- 
— boilers but will be operated by push buttons on its own control 

oar 

The 1200-pound turbine-generator is of the straight impulse type. The 
initial steam pressure is to be variable, with a maximum value of 1200 
pounds per square inch at 700 degrees F. total temperature. The exhaust 
pressure is to be constant at 360 pounds per square inch, variable temperature. 

The turbine casing is provided with shaft packing glands at both high- 
pressure and exhaust ends. 

The turbine governor is of the conventional type, but designed so that the 
synchronizing spring has sufficient range to place the governor completely 
out of action when desired during normal operation of the unit. The turbine 
throttle is supplied with an oil-operated trip mechanism. 

The piping for the installation is to be of very simple design. It will 
consist of a single high-pressure. line connecting the primary superheater 
outlet nozzle on the boiler to the turbine throttle, an exhaust line connecting 
the turbine exhaust to the reheater inlet on the boiler, and a third line con- 
necting the reheater discharge on the boiler to the main steam header. 
Between the high-pressure steam line and the exhaust line there will be a 
by-pass supplied with a desuperheater. In general, the steam will flow from 
the boiler drum through the primary superheater to the high-pressure piping. 
At the outlet of the primary superheater there will be placed a motor- 
operated gate valve for use as a stop valve in normal and emergency service. 
No stop check valve is to be used at this point as no other boilers will be 
connected into the line. After flowing through the turbine, the steam will 
be returned to the reheater in the boiler, and, after passing through the 
reheater, will flow to the main steam header. "A stop check valve will be 
provided on the outlet of the reheater in order to prevent steam from the 
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main header flowing back into the reheater. A simple check valve in the 
exhaust line between the turbine and the reheater will prevent steam, dis- 
charged through the by-pass, from flowing back through the exhaust con- 
nection into the turbine. A conventional stop valve will be provided where 
the steam enters the main header. 

_In the by-pass, a special type of trip valve will be installed. This valve is 
similar in design to the turbine throttle, and is equipped with an oil-operated 
trip gear, but this trip is designed so that the valve will open instead of 
closing when actuated. This trip gear will be placed in parallel with that 
on the turbine throttle, the purpose being to by-pass the steam immediately 
should the turbine throttle be closed by the overspeed device. Beyond the 
by-pass valve will be inserted a nozzle for throttling the 1200-pound steam 
and expanding it to 360-pound pressure before it enters the exhaust line 
and is returned to the boiler reheater. Beyond this nozzle there is to be a 
series of water jets for desuperheating the steam. These jets will receive 
water from the 425-pound pressure boiler feed line, through a small trip- 
opening valve operated by the trip on the by-pass valve. Both the by-pass 
valve and the desuperheating water supply valve can be manually operated 
at any time. 

In order to remove condensation from the high-pressure steam line before 
normal operation has been established, a drip pocket will be provided and 
connected through a special throttling valve to the 360-pound exhaust line. 
By this means, the line may be blown clear at any time and the water dis- 
charged into the 360-pound system where the normal pressure traps can 
remove it. 


STARTING UP. 


In starting up the plant, the boiler stop valve may be opened before raising 
steam on the boiler as there will be no other boilers on the line. The stop 
valve at the main steam header, and the stop check valve on the discharge 
side of the reheater, may also be opened. The high-pressure steam line may 
be kept clear of water by using the blow-off from the high-pressure drip 
pocket to the turbine exhaust line. The reheater damper should be raised 
so as to by-pass the reheater. Steam should then be raised in the usual way. 
The by-pass valve near the turbine should be opened as steam is raised, so 
as to provide a circulation of steam as soon as the pressure in the boiler 
exceeds that in the main steam header. In circulating steam, the superheat 
of the steam returned to the reheater can be regulated by means of the water 
supplied to the by-pass desuperheater. 

The feed pump for the high-pressure boiler is of the motor-driven cen- 
trifugal type, controlled by an excess-pressure-type regulator that gives a 
combination of hand and automatic regulation. As the boiler pressure rises 
the hand controller should be thrown over gradually from point to point, 
so that the automatic regulator will cover the range of the actual demands 
on the pump. 

The turbine may be warmed up by gradually opening the throttle in the 
usual way, the turbine and by-pass valve operating in parallel at this time. 
The advantage of using the by-pass is that the increasing load on the boiler 
will be made more uniform and the effect of any sudden change in demand 
for steam by the turbine will be minimized. This added protection is desir- 
able for a boiler operating at high pressures where the latent heat of the 
steam is low in comparison to its total heat. 

The leak-off steam from the shaft glands of the turbine will be piped to 
a surface condenser and feed-water heater. As the high-pressure turbine 
is to be operated in conjunction with one of the main 350-pound pressure 
turbine-generators, before starting the high-pressure unit, the valves be- 
tween the gland leak-off points of this unit and the gland steam condenser 
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and the twelfth-stage extraction heater of the corresponding main unit 
should be opened. Should an emergency arise, a water-jet condenser pro- 
vided for condensing the steam from the glands will take care of the steam 
in case the condenser and heater should be temporarily out of service. 

After the turbine has been warmed up, it may be brought up to speed and 
placed under the control of the governor, the throttle valve being opened 
wide. At this time the boiler will be operating at reduced pressure, say 
between 600 and 800 pounds per square inch and at low capacity. Steam 
will then be flowing to the turbine under the control of the turbine governor 
and the excess by-passed through the by-pass valve to the turbine exhaust 
and passed through the reheater to the main steam header. 

The turbine-generator may be synchronized and placed on the line in the 
usual way except that, as soon as the generator circuit breaker is closed, 
the turbine governor should be placed out of operation by tightening the 
synchronizing spring sufficiently to bring the range of the governor above 
the synchronous speed of the machine. As soon as this has been done, the 
turbine will be carrying a load equivalent to the steam flowing through it. 
The by-pass valve should now be closed and the boiler brought up to its 
operating pressure. 


NORMAL OPERATION, 


During normal operation, the turbine will develop power in accordance 
with the steam passing through it. It will operate at synchronous speed in 
parallel with the main bus and its output be governed entirely by the steam 
pressure. 


Valves set at-375 Ib. to take 


Safety 200 Ib. Boiler 
entire capacity of boiler. 







Stop and Check Valve 
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DIAGRAM OF THE PIPING SYSTEMS FOR THE 1200-PouND BOILER AND 
TURBINE-GENERATOR Power PLANT UNIT. 
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The flow of steam will be proportional roughly to the pressure, so that 
the output of the boiler and the turbine-generator can be regulated by vary- 
ing the pressure on the boiler. For base-load operation, the boiler pressure 
should be maintained constant. 

The control of the boiler will be by push buttons from its control board. 
The Bailey combustion control will, in general, maintain the proper relations 
of air and coal feed to the boiler and, under uniform conditions, will main- 
tain a constant pressure. The fireman will be called upon to take care of 
variations due to inequality of coal, clinkering, etc. This can be cared for 
in the usual way through manual control of combustion. 

The temperature of the steam returned to the main header can be regu- 
lated by the reheater damper. This damper will be operated through motors 
controlled by push buttons placed on the boiler control board. 

The boiler feed will, in general, be from the motor-driven pump under. 
automatic regulation. No automatic waterline control is provided. The 
boiler feed should be regulated by hand at all times. 

To reduce wear on the blow-off valves it is proposed to blow down the 
boiler under reduced pressures of 600 or 800 pounds. The safety valves are 


provided with lifting gear and they can conveniently be tested at the same 
time. 


SHUTTING DOWN, 


In general, the process of shutting down the plant will be exactly the 
reverse of starting up. -The boiler pressure should be reduced, attention 
being given to the reheater damper and the boiler feed pump, to maintain 
correct reheating temperatures and proper feed pressures. When the boiler 
pressure has been reduced to the desired point, the by-pass valve may be 
gradually opened, relieving the turbine from load. The exhaust steam tem- 
perature can be regulated by admitting more or less water to the by-pass 


desuperheater. 

The turbine may now be relieved of load from the main switchboard, by 
means of the synchronizing device on its governor, and the generator taken 
off the line. The turbine throttle should, of course, be closed and the boiler 
taken off the line in the usual way. The piping system can be shut down by 
closing the stop valve in the 1200-pound line at the boiler, and closing the 


stop and check valves and the stop valve in the normal pressure line to the 
main header. 


EMERGENCY STOPPING. 


A special condition arises when an emergency requires the immediate 
shutting down of the turbine. When the overspeed or oil-pressure trip of 
the turbine operates and closes the throttle valve, the by-pass valve is to be 
opened at the same instant. This valve will allow the steam to flow through 
an expanding nozzle having the same capacity for flow as the turbine itself, 
and will discharge the steam into the turbine exhaust through a desuper- 
heating spray. When the by-pass valve trips open, it will also open a water 
valve to supply water from the 425-pound boiler feed system to the desuper- 
heater spray nozzles. The effect of this by-pass is to reduce the high- 
pressure steam to 360-pound pressure and remove its superheat. It will 
then be passed through the reheater in the boiler in the usual way and be 
delivered to the main header. Thus the boiler will not be immediately 
affected by the instantaneous shutting down of the turbine as the by-pass 
will permit the delivery of the full capacity of the boiler without interfering 
with any of its functions. The reheater will be protected as the steam dis- 
charged from the by-pass will pass through it at approximately normal tem- 











wi! oOo Dt te t , 
ene cwa2dee £ PF HO YY eooecehotn How shvwu i tiki ike i SRS il ata a ta a 














Fic. 1.—Prnions Ruptured By BEING Forcep ON TAPERED PLuGc. THEY 
PRESENT RuprurRES WHICH WouLp Have BEEN ENTIRELY 
UnsuspeEcteD BerorE PHOTOELASTIC ANALYSIS. 


























2.—V-sHAPE RuprureE. THE Prnton Tooth Has BEEN SUBJECTED 
to A Hicgu RaptaLt PressuRE AND NorMAL TorQUE. 


3.—HIGHLy StresseD Pinton. AN EXAMPLE OF A SERVICE FRACTURE 
RESULTING FROM VERY HicH RapriAL MouNTING STRESSES. 
























NOTES. 219 


perature, due to the desuperheating. In addition, there will be no tendency 
for the high-pressure safety valves to blow off, thus relieving them from 
unnecessary wear. 

The 350-pound steam system will be fully protected by the safety valves 
mounted on the discharge of the reheater. These valves are sufficient to 
discharge the full capacity of the high-pressure boiler should the pressure 
tend to rise in the 350-pound system. 

After such a shut-down, the turbine may be restarted by opening its 
throttle and gradually closing the by-pass, or the boiler can be shut down 
and taken off the line at the convenience of the operating force. In either 
case, the routine will be approximately the same as in normal starting or 
shutting down.—“General Electric Review,” Nov., 1924. 





CAUSES OF FAILURE OF METAL SURFACES SHOWN BY 
POLARIZED LIGHT. 


By Pau, HeyMans, 


ASSISTANT PRoFESSOR OF THEORETICAL Puysics, MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY. 


This article will illustrate how phenomena of double refraction, sometimes 
looked upon as exclusively of the domain of physics, particularly of optics, 
are at present used with rather surprising results for the solution of prob- 
lems encountered by the mechanical and structural engineer, and by the 
metallurgist. 

We shall not dwell upon technical discussion or description of the method. 
We have done this in several other papers and articles published in this* and 
other journals. Let us rather consider in more detail one of the recent 
investigations which we have carried out, partly in our own laboratory at 
the Institute, partly in the Research Laboratory of the General Electric 
Company of Schenectady, N. Y., with A. L. Kimball,t J. L. Williamson,t 
G. R. Brophy} and T. H. Frost.§ 

The investigation of the causes of failures of railway motor gear pinions 
of apparently only endemical nature had been brought up by the Railway 
Motor Engineering Department of the General Electric Company. 

Metallurgically, the steel appeared in excellent condition and capable of 
long and satisfactory life. 

Structurally, the pinions seemed to be properly designed and assurance 
was given that they were not carrying an excessive load. 

In the study of the design of the pinion, the ordinary formulae for calcu- 
lation of gear teeth strength could not be considered satisfactory, but a 
direct stress analysis by the photoelastic method was made, which alone 
could offer full reliability for the statement regarding the structural 
strength of the pinions under consideration. ; : 

During this direct analysis of the state of stress at the different points 
of the pinion, attention was soon called to the changes in the conditions of 
stress resulting from variations in the mounting stress of the pinion on the 
shaft. These pinions present a slightly tapered bore, slightly smaller than 
the shaft of same taper. For mounting, the pinion should be brought to the 
temperature of boiling water, slid on the shaft, and thus allowed to shrink 
on the shaft in cooling. This operation, when properly executed, secures 
perfect adherence on the shaft during service and easy removal of the pinion 


* “Tech Engineering News,” June, 1922. 

t Research Laboratory, General Electric Co., Schenectady, N. Y. 

t Railway Motor Engineering Doge. General Electric Co., Schenectady, N. Y. 
§ Department of Physics, M. I. T. 
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when replacement becomes necessary. However, when defectively mounted, 
the pinion is apt to get loose on its shaft while in service. The mounting of 
the pinions for motors in railway service is usually made by repair shop 
mechanics generally unaware of the necessity of careful mounting. It has 
been found that the mounting had been done by putting the pinion into a 
forge oven, sliding it on the shaft and driving it by means of a heavy 
sledge-hammer as far as possible on the tapered shaft. The mechanic then 
felt satisfied that he would never again encounter the trouble of a pinion 
getting loose from the shaft. However, what is the effect of the stresses 
set up by such an abnormal mounting going to be on the service strength 
of the pinion? 

When examining under polarized light the celluloid models of the pinions 
after they are shrunk on their shaft, it was shown that the maximum stress 
occurred at the points where the radial lines passing through the middle of 
the teeth cross the bore—the dangerous section occurring along this radius. 

Mechanical tests on steel pinions were made subsequent to these photo- 
elastic tests, forcing tapered plug into the tapered bore. Fig. 1 is a photo- 
graph of the ruptured pinions. They present ruptures which would have 
been entirely unsuspected before photoelastic analysis but are a remarkable 
verification of it. 

The photoelastic analysis also revealed that the sections of dangerous 
stresses are different for different values of the radial pressure and the 
applied. torque load, and that as a result of highly localized stresses, a pinion 
under a high radial pressure and normal torque load would fracture as 
shown in Fig. 2, with a V-shape. The V would become deeper and sharper 
as the radial pressure increased until, as a limiting case, with maximum 
radial pressure and no torque, an approximately straight radial crack is 
obtained as shown in Fig. 1. 

Service fractures show, as expected after such an investigation, all degrees 
of angularity, from the flat break with low mounting stresses, to the very 
sharp angle of highly stressed pinions. As an example, Fig. 3 shows the 
result of a mounting stress so high as to nearly burst the pinion which with 
light torque was soon fatigued in operation. 

The investigation, of which we have here brought up a few salient points, 
shows how the causes and responsibilities of failure may be traced. It is 
also one of the many possible illustrations of physics at the service of 
engineering. 

We might mention that several important investigations are in progress 
at present in our laboratory of photoelasticity, among which we are per- 
mitted to mention the study of the stresses in rigid airships and the study 
of the dynamic stresses in rapidly rotating gear pinions.—“The Tech Engi- 
neering News,” Jan., 1925. 


COPPER WHICH BENDS ONLY ONE WAY. 


Copper bars that can be bent double with one finger, but which require 
strength to straighten again, are expected to lead to a greater understanding 
of the properties of metals. The bars, which are really single crystals of 
pure copper, were produced in the Research Laboratory of the General 
Electric Company, at Schenectady, N. Y., and have been subjected to many 
kinds of examinations, with the revelation of numerous unexpected facts. 

Knowledge about the properties of metals has been limited in the past to 
observations of masses of small crystals. The usual piece of metal is a 
conglomeration of small, closely packed crystals, with the crystalline struc- 
ture usually apparent at a glance. Zinc, for instance, is known as a brittle 
metal; a rod of it can be bent but slightly without snapping. Yet investiga- 
tions of small, single zinc crystals show that any one crystal of the metal 
can be drawn out to six times its length in one direction; in another direction 
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it is extremely brittle. The properties of zinc thus depend upon how the 
crystal is examined—whether “with the grain” or against it. The usual 
piece of zinc is really a collection of small crystals pointing in all directions, 
so that the properties are the combined qualities of the small crystals in the 
different axial directions. The same holds true for other metals and other 
substances. 

_ A single crystal of copper seven-eighths of an inch in diameter and six 
inches long, as well as numerous smaller crystals of the same metal, have 
been produced by Dr. Wheeler P. Davey, of the Research Laboratory. 
These crystals, obtained by a modification of the method devised by Dr. 
P. W. Bridgman, of Harvard University, are much larger than any previ- 
ously recorded. 

_ Very gradual heating and cooling of pure copper in an. electric furnace 
is the secret of the success in producing them. The necessary amount of 
pure copper, in the form of a bar, was placed in a closed, cylindrical carbon 
crucible, and slowly passed through the electric furnace. If molten metal 
is cooled quickly, the resultant mass is composed of very small crystals; 
if the melt is cooled slowly, the crystals are larger. Doctor Davey cooled 
the melt so slowly that only one crystal was produced, and that included the 
entire melt. The atoms had plenty of time in which to arrange themselves 
as they desired—to build up a single crystal rather than a multitude of small 
ones. 

Several interesting results have been obtained with the large crystals. A 
piece about the size of a lead pencil, if given a jerking motion, bends as 
easily as does a stick of soft wax; it cannot be bent back, however, any 
more easily than a similar piece of ordinary copper. When the copper is a 
single crystal, all of the atoms are arranged in columns, equally spaced. 
When the bar is bent, the spacing is changed; the atoms on the inside curve 
are pressed together, and those on the outside are spread apart. Strains 
are set up and the crystal structure is altered. The bar becomes an ordinary 
piece of copper, of smaller crystals, facing in all directions. 

If the surface of the large crystal is nicked or dented, the structure in 
the neighborhood is changed in the same way. It is similarly affected by 
filing or polishing. When one of the bars is polished it is necessary to take 
off a mil or less at a time. Even then the structure of the new surface is 
altered. The condition is remedied by etching away the surface with the 
usual acid bath. 

An etched bar of the copper appears to be rough. There seem to be 
alternate dark and light lines. The appearance of the lines is due to the 
fact that the acid etches more easily in some directions than in others. The 
directions in which it etches with the greatest difficulty are parallel to the 
axis of the crystal. 

Externally the large, single copper crystals differ little from the usual 
metal. X-ray analysis, however, furnishes conclusive evidence that such a 
crystal has been produced. Doctor Davey, by means of special apparatus, 
was able to prove that he had one crystal. In the usual examination a small 
tube of finely powdered crystalline material is placed in the path of a 
narrow beam of X-rays of a specified wave-length. The substance turns 
the X-rays in different directions, according to the arrangement of the 
atoms in the minute crystals. A series of lines is produced on a photo- 
graphic film, and these lines are used in calculations which reveal how the 
atoms are arranged and how far apart they are. Copper crystallizes in the 
face-centered cubic system, i.e., the atoms are arranged at the corners of an 
imaginary cube, with another atom in the center of each face. In studying 
the single crystal Doctor Davey revised the method of examination so that 
the large crystal was used, rather than crystalline powder. The specimen 
was swung slowly back and forth through an angle of thirty degrees, with 
the edge in the path of the X-rays. The rotation of the single crystal 
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produced the same effect as using a stationary powdered sample, and a 
pattern was received on a stationary film. At the same time a moving film 
was used, mounted on the turntable with the crystal. If the specimen had 
not been a single crystal, no lines would have been obtained on the movable 
film, since the X-rays would have affected the entire film uniformly. The 
lines were obtained, however, and calculations based on a comparison of the 
two negatives showed that the axis of the crystal was parallel with the 
direction of cooling the ingot. 

It is difficult to foretell the results which will follow a study of large 
metal crystals. It has been thought for several years that such specimens 
would have unexpected properties, and now the prophecy is substantiated.— 
“Journal of the Franklin Institute,” Jan., 1925. 





X-RAY EXAMINATION OF METALS AT THE WATERTOWN 
ARSENAL, WATERTOWN, MASS. 


By T. C. Dickson,* Watertown, Mass. 


Sound metal in many articles of ordnance is essential to the safety of 
personnel, particularly in those articles designed with a factor of safety very 
little in excess of unity. The service utility of many articles of ordnance 
depends upon their lightness, and a definite knowledge of the character, 
location, and size of defects in many components materially assists the 
ordnance engineer in meeting service requirements. 

With the hope of preventing the acceptance into the military service of 
unsound metal components and of assisting the ordnance designer to meet 
service requirements in regard to lightness, a 280,000-volt X-ray equipment 
was put into operation in the laboratories at the Watertown Arsenal in 
September, 1922. 

To insure protection to persons, the room in which the equipment was 
installed was lined with lead %4 inch thick and all joints and securing screws 
were similarly covered. A lead-lined periscope permits the operator to view 
with safety the Coolidge tube when making an exposure. 

The first few months of operation were devoted to learning the technique, 
the practical limits of the equipment, and time of exposure required for 
different thicknesses of metal, and to determining the character, location, 
and sizes of defects revealed by the films. 

When about 200,000 volts are impressed on the Coolidge tube an exposure 
of about one minute is required for 1-inch thickness of steel, about five 
minutes for 2-inch, and about thirty minutes for 3-inch. Efforts to obtain 
clear films up to 250,000 volts impressed on the Coolidge tube with a thick- 
ness of steel much in excess of 3 inches have not been successful. 

The experience so far had with the equipment has demonstrated that it 
has great practical value in showing the methods by which sound steel 
castings can be produced, and as an instrument of inspection. 

It is the practice at thé Watertown Arsenal to make one casting from 
each pattern, which is X-rayed. As the films, when properly interpreted, 
reveal the character, size, and location of all defects, it has generally been 
found possible by changes in method of molding, location of risers, etc., to 
obtain castings free from defects or to locate them where they do no harm. 
If the method of molding is changed, one or more castings made in accord- 
ance with the change are X-rayed to verify the accomplishment of the 
object desired, and a certain percentage of those made are also filmed for 
verification. 


* Colonel, Ordnance Dept., U. S. A. : . 

Contributed by the National Defense Division for presentation at the Annual Meeting, 
New York, December 1 to 4, 1924, of “The American Society of Mechanical Engineers.” 
All papers are subject to revision. 
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The removal of all defects or their location where they do no harm 
enables a material saving in the weight of castings to be made. The cost 
of making X-ray films of castings is far less than the cost of cutting up 
castings to ascertain their soundness. The loss of the cost of machine 
work performed on castings subsequently rejected for revealed defects has 
been practically eliminated. Users of steel castings will appreciate the 
saving that results from the practical elimination of lost castings that have 
been partially or wholly machined, and from the reduction in the weight 
of steel castings. It is considered that the experience had with this equip- 
ment justifies the Ordnance Department of the Army in adopting it as 
part of its regular inspection apparatus. 

The practical utility of the equipment can best be shown from lantern 
slides. It should be borne in mind that those X-rays which pass through a 
defect, and therefore through a less thickness of metal, reach the film with 
greater intensity, and therefore form a much darker spot on the film, the 
outlines and size of the spot corresponding closely to those of the defect. 
When a film showing defects is photographed to make a slide, the black 
spots showing defects appear on the screen as light spots. 

The experienced personnel can tell from X-ray films of steel castings the 
location, approximate size and shape, and, with considerable certainty, the 
cause of defects. Occluded sand, cavities resulting from incomplete oxida- 
tion of the metal in the furnace, cavities formed by gases entering the metal 
during solidification from the core and mold, piping or shrinkage cavities 
resulting from inadequate feeding from risers during solidification, cracks 
caused by unyielding cores or failure to promptly relieve the mold, welding 
and imperfections in welding and burnt-in metal can be individually detected. 

A constructive use of the knowledge obtained from films of castings 
enables articles to be designed and methods of molding to be used that either 
produce sound castings or locate defects where they do no harm. The 
production of such castings reduces to a minimum subsequent rejections. 

When films of each element, solid solution, etc., found in steel are obtained, 
it will be practicable to determine from the film of a sample taken from an 
ingot the elements, etc., contained therein. It is hoped that a method will 
be found for determining quantitatively each solid solution in steel. 

The meager use so far made of the diffraction X-ray equipment in the 
Watertown Arsenal laboratories shows that it is possible to determine what 
elements, solutions, etc., are present in metal, to determine the geometrical 
figure in which the atoms of each element, solution, etc., are arranged, and 
the distance between the atoms, both with a sample stressed and unstressed. 
The results so far obtained justify the prediction that our knowledge of 
metals will be wonderfully increased by the results obtained from. this, 
equipment. The diffraction apparatus shows changes in fundamental struc- 
ture caused by (a) cold working, (b) heat treatment, and (c) alloying with 
various metals. Changes in structure thus obtained should be correlated 
with physical properties determined by physical test. 

Existing law requires the laboratories at the Watertown Arsenal to make 
tests of iron, steel, and other materials used in constructions requested by 
citizens at actual cost to them. The use made of the laboratories under this 
law by manufacturers and vendors in this country has been very pleasing 
to its management.—“Mechanical Engineering,” Mid-November, 1924. 





HIGH TEMPERATURE MATERIALS. 


We can remember an eminent Professor of Engineering, some twenty 
years ago, when lecturing upon the thermodynamics of the heat engine, pre- 
dicting that it would not be long before we “worked our engines with red- 
hot steam at a pressure of 1000 pounds per square inch.” Men to whom 
200 pounds per square inch was high boiler pressure, and to whom the 
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application of the mildest superheating was a daring novelty, were not ready 
to take such a prophecy seriously. Today, however, there can no longer 
be any doubt that, even though the prophecy we have quoted has not yet 
been entirely realized, we are working with increasingly high pressures and 
still more rapidly rising degrees ot superheat. Quite elementary ther- 
modynamics serve to explain the increased efficiency in the use of steam or 
other working fluid which is attained by these means. That the practical 
difficulties which undoubtedly surround each step in that direction have been 
steadily overcome is due to another factor—the increasing demand for 
economy in power production, and the strenuous competition between the 
internal combustion engine, on the one hand, and the steam turbine on the 
other. We have yet to reach the stage when the entry of the internal com- 
bustion turbine carries this struggle another step forward. Meanwhile, 
however, there are very serious problems to be faced, problems which center 
around the provision of metals possessing satisfactory working strength at 
the high temperatures involved. 

It is unfortunately an almost universal property of metals and of alloys 
that their strength diminishes with rising temperature. In itself this is not 
an unmixed evil, since it makes it possible to work the majority of metals 
with ease in forging press, drop hammer or rolling mill at moderately high 
temperatures which are easily attainable in industrial processes, Were our 
metals as hard and strong at a bright red heat as they are at the ordinary 
temperature we should be confined largely to the use of castings, since in 
anything but very light sections the power required for shaping them would 
be prohibitively high and materials hard and strong enough for our rolls 
and dies would be lacking. Actually, there are a few materials to which this 
limitation applies. For instance, there is a very hard and strong alloy known 
under the name of “Stellite,”’ which retains its hardness to so great an 
extent that it cannot be worked at any temperature and can only be brought 
to the desired shape by casting. For some rather limited purposes—limited 
by the high cost of the alloy as well as by the difficulty of working—this 
material provides a renscnablé solution for high-temperature problems. But 
it is much too limited a solution to affect the main problem of finding alloys 
suitable for use in the parts of machines exposed to high temperatures and 
pressures, yet capable of being readily and economically fashioned to the 
desired shape and size. So far as the most fundamental of our materials 
are concerned—iron and steel—the difficulties are not yet acute. It is true 
that the exposure of cast iron, at least of certain kinds, to highly super- 
heated steam leads to disastrous results, but the strength of mild steel 
actually inereases slightly at first with rising temperature and then only 
begins to fall off. A temperature range is, however, reached well below a 
visible red heat, where the falling off in strength becomes serious. When it 
becomes necessary, however, this difficulty could be met by the use of certain 
types of alloy steel, such as the high tungsten and chromium steels now 
widely used for the valves of high-duty internal combustion engines. At or 
near 1300 degrees F., however, even these fail, thus setting a limit to working 
temperatures except in cases where they persist only for a fraction of a 
second, so that the maximum temperature attained by surrounding metal 
remains much lower, as in the case of internal combustion engines. Where 
steam is to be used, however, conditions are very different. It is true that 
steam at 1300 degrees C. is not as yet a practical proposition; the increase 
of working temperatures has, however, been so great and rapid in recent 
years that we cannot afford to look at such a figure as entirely beyond the 
range of possibilities, and if that is the view of the engineer it becomes a 
definite problem for the metallurgist to seek materials capable of meeting 
such a future demand. The more immediate problem, however, does not 
relate so much to the primary materials as to those connected with acces- 























NOTES. 225 


sories, such as valves and valve seatings, where hitherto the non-ferrous 
alloys have rendered such good service. The ordinary bronzes and brasses, 
however, become unduly weak and soft at temperatures which are already 
within the limits of our working ranges. It is perhaps possible to replace 
these alloys by some kind of ferrous material capable of withstanding higher 
temperatures, but this would mean abandoning the special advantages on 
account of which the bronzes have hitherto been successfully used, and, in 
any case, it is not a development which metallurgists interested in non- 
ferrous metals can afford to view with indifference. 

The ordinary alloys of copper with zinc and tin fail for this purpose, and 
the aluminum bronzes are not much better. All these can be stiffened to 
some extent by the addition of more refractory metals such as nickel, but 
the effect, although marked, does not go far enough to make a radical 
advance. In this matter both America and France have shown the way, 
the former by the development of the alloys of the “Nichrome” type con- 
sisting mainly of nickel and chromium and a nickel-copper alloy, while in 
France, M. Chevenard, working under the auspices of a great steel firm, 
has developed a number of special “high temperature” alloys. Some fairly 
successful efforts in the same direction have since been made here, and we 
understand that the British Non-ferrous Metals Research Association is 
taking an interest in this question. It is one undoubtedly to be commended 
to the attention of our metallurgists. What is needed is a group of alloys 
not excessively expensive either as regards raw materials or mode of pro- 
duction, capable of being worked up into the necessary shapes with reason- 
able ease and economy, and capable of resisting working stresses at 
temperatures of more ni 700 degrees F.—the limit adopted by engineers 
today—or even higher in the future. We realize that this is not an easy 
problem and that, at first at all events, such special materials must be more 
expensive than more ordinary alloys. It is, however, a matter in which it 
is highly important that British metallurgists should not fall behind.—“The 
Engineer,” Nov. 28, 1924. 





PROCEDURE FOR ALIGNING POWER EQUIPMENT. 


Most common among the causes of unsatisfactory engine-room-equipment 
performance is misalignment. The results of inferior conditions of align- 
ment do not vary greatly, except that they become more complex and far- 
reaching the longer such conditions exist. These results are vibration, 
burned-out bearings, bent shafts, crystallization of material in the revolving 
elements, all resulting in breakage of shafts, couplings, and other rotating 
parts, and this often when the stresses in these parts appear practically 
negligible. No amount of petting, overhauling, “at renewal of parts on a 
machine which is out of alignment and giving trouble will remove the 
difficulty unless the misalignment is corrected. 

When a machine is in correct alignment any two shafts which are coupled 
together have their axes in the same straight line. Secondarily, casings, 
cylinders, frames, and bearing pedestals are so placed that the correct clear- 
ances are obtained between them and the reciprocating parts, revolving shaft, 
and rotor parts. All units completely assembled at the factory are correctly 
aligned when assembled, and are tested before shipment. Also the majority 
of such units have all parts mounted either upon a continuous one-piece 
baseplate or upon a two-piece baseplate rigidly bolted together. 

Notwithstanding the careful assembly of the parts at the factory, and the 
use of continuous baseplates, it is always necessary to. realign the unit after 
placing it on the purchaser’s foundation. This is due to the flexibility pos- 
sessed even the most massive of cast-iron baseplates, and also to the 
impossibility of exactly duplicating on the customer’s foundation the con- 
ditions which were in force during the assembly and test at the factory. 
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When installing a new unit it should be placed in the correct position on 
the foundation and supported at intervals by steel blocks about 1 inch in 
thickness. Baseplates are generally provided throughout their length and 
breadth with several sets of small levelling pads, the tops of which are 
planed off at the same time the other surfaces on the baseplate, for the 
support of various parts of the unit, are machined. Using a machinist’s 
level, and by means of the levelling pads just referred to, proceed to level 
up the baseplate by wedging up underneath it with steel wedges and tighten- 
ing down the foundation bolts until it comes level at all points, both length- 
wise and crosswise. Always check the level used by turning it end for end, 
since the glass is not always parallel to the bottom. Also never read from 
eet ngy of the bubble only, since temperature changes alter the size of the 

ubble. 

When the baseplate has been carefully levelled, and care has been taken 
to make sure that the unit is correctly placed with respect to its piping and 
the other parts of the power plant lay-out, the unit may be pated 

After the grouting has set, the alignment proper may proceed. There are 
several different means by which two shafts may be aligned so that their 
axes come in the same straight line, but the simplest and most accurate 
means is the method which makes use of the coupling flanges. Remove the 
upper half of the coupling housing or guard and take out all the coupling 
pins. By means of a short steel straightedge placed across the top of the 
two coupling flanges, the approximate difference in level of the two shafts 
may be observed. Likewise, by moving the straightedge down to the sides 
the approximate amount of movement necessary to bring the shafts in 
alignment sidewise may be seen. 

By means of a tapered thickness gauge, or a set of common feelers, 
inserted between the faces of the coupling flanges at various points around 
the circumference, the angularity of the two shafts may be judged. Proceed 
to insert or remove shims from different: parts of the unit, at the same time 
making the required sidewise adjustments, so as to bring the faces of the 
two coupling flanges equidistant at all points as measured by the thickness 
gauge, and so as to bring the circumferences of the two flanges in line at 
the top, sides, and bottom as measured by the straightedge. 

This method of alignment is preliminary only, and inaccurate in that it 
does not take account of the possibility of the coupling faces not being 
machined at right angles to the axes of their respective shafts, and also of 
the possibility of the outside circumference of the coupling flange being 
turned eccentric to the axis of its shaft. 

After aligning roughly as outlined in the preceding paragraph, connect 
up the steam and exhaust piping, warm the unit up and run it long enough 
to make sure that actual and constant operating conditions have been 
obtained. The final alignment must be made with the whole installation 
subjected to actual operating temperatures. Shut down the unit, insert one 
coupling bolt without its bushing to ensure both shafts turning over together 
and always in the same relation, and mark some point on the circumference 
of the flanges. . a 

Turn the shafts over together to several different positions and measure 
dimensions A, B at point No. 1 for each of these different positions, and 
record the readings in a tabulation similar to that shown in Fig. 2. 
‘dimension A is the same for all the different positions of point No. 1, then 
the two shafts are parallel. If these different readings of A are not the 
same, then the shafts are not parallel, and the parts of the unit must be 
shifted until these readings come the same for the different positions. Simi- 
larly, if all the readings for dimension B are the same, the ends of the axes 
of the two shafts meet, but if these readings are not the same, the axes do 
not meet, and the relative positions of the parts of the unit must be changed 
until they do meet. The alignment must be altered and rechecked until the 
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various readings taken for dimensions A and B come respectively the same. 
A maximum variation of 0,004 inch might be allowed in either of these 
dimensions, but if it is possible to eliminate this variation it should be done. 
In no case should the variation be more than 0.004 inch. 


UNIT MUST BE DOWELLED AFTER BEING ALIGNED. 


After a satisfactory alignment has been obtained, insert the coupling bolts 
and operate the whole unit for a period of time long enough to bring tem- 
perature conditions constant. Then shut down, remove the coupling bolts, 
and check to see if the alignment is still satisfactory. If it has not changed, 
it may be considered permanent, and the various parts of the unit should 
then be securely and carefully dowelled to the baseplate to prevent shifting. 
If the alignment has changed during the trial run, additional adjustments 
and trials must be made before dowelling the unit. 

Dowelling the parts of the unit to the baseplate is exceedingly important. 
Correct alignment cannot be maintained unless the various parts are held in 
their respective locations by carefully installed dowels. After placing a unit 
in regular service, even though it was carefully aligned and dowelled before 
so doing, the alignment should be checked at reasonable and stated intervals. 

Small center crank engines are sometimes furnished with the generator 
base when ordered, with a machined surface for attaching to the engine 
sub-base, On larger center crank units and on side crank units the generator 
base or shoes, when ordered, are not attached. If the generator base is of 
the attachéd type it should be securely fastened to the engine sub-base after 
cleaning off the adjoining surfaces. 

Cast-iron sub-bases on the small-sized units and on some of the larger- 
sized units are of the high type—that is, 16 inches to 20 inches high. On 
this type it is preferable to line up and grout in the engine sub-base without 
i are gar the engine bed. On the larger type units where the low 
sub-bases, 8 inches to 10 inches high, are used, it is preferable to set the 
engine bed on its sub-base and bolt the two together snugly. Where no 
amreees is furnished, the engine bed itself, of course, is lowered down over 
the ts. 

On small units where there is no chance of springing the bed out of level, 
three wedges should be sufficient. On the larger units good judgment should 
be used as to the number of wedges to be inserted. Wooden wedges should 
not be used, on account of the danger of their swelling when moistened b 
the grout. The least number of wedges which can be used without sacri- 
ficing good support is to be preferred on account of simplifying the levelling 

rocess. 

: The base or bed can then be levelled up and should be checked carefully 
in both directions—that is, parallel with the shaft and parallel with the center 
line of the engine. Proper allowances should be made for grouting in as 
shown on the foundation plan, and the height of the shaft above the floor 
should also be checked, together with the allowances which will result for 
grouting in the generator sub-base and for the shims between the generator 
stator and its sub-base. es 

Projection of the center line of the shaft will generally be found indicated 
on the engine sub-base, and similar markings will be found on the generator 
bases. A line should be stretched across these to obtain the approximate 
alignment between the two bases. The center line of the engine will usually 
be found scribed on the top or edge of the engine sub-base, from which the 
distance through the center line of the stator, scribed on the generator base, 
can be measured and checked and made in accordance with dimensions shown 
on the foundation plan, When these dimensions have all been — 
checked and found to agree in all respects with the plan, the level of eac 
base should again be checked before grouting in. 
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SURFACES WHICH COME TOGETHER MUST BE CLEAN. 


After grouting the sub-base it is then ready to receive the engine bed. Be 
sure that the top of the sub-base is perfectly clean, likewise the bottom of 
the engine bed. The iron wedges are then removed. Insert the dowel-pins 
and then pull down the studs, holding the two together firmly. 

After placing the bed, the cylinder support, if one is used, should be 
wedged into position to bear against the cylinder with moderate pressure 
and to relieve the weight of the cylinder and piping which may be hung 
later. Care should be taken that there is no clearance between the cylinder 
and support, and also that the wedges under the support are not driven in 
too hard to put undue pressure on the cylinder. 

To align the shaft on center crank engines, the bearing boxes of which 
are quartered, place the shaft in approximate position in the main bearing 
gap, slide the generator stator over the end of the shaft and place in approxi- 
mate position, making sure that the rotor clears all points on the inside of 
the stator. Then place the outboard bearing pedestal in position, slacking 
off all adjusting screws. To support the outer end of the shaft, slip the 
outboard bearing box over the end, lower the adjusting screws until the box 
rests in the bottom of the housing. Then, if a balance wheel is furnished, 
place it in approximate position on shaft. Then red-lead the top of the 
shaft journals and rotate on the bottom quarters of the main bearings. 

By raising and lowering the outboard bearing with the adjusting screws, 
a perfect fit can be obtained on the two main bearing bottom quarters, which 
will wipe clean the red lead. This ensures perfect levelling of the shaft 
with the bed. Then place the three-quarters of each bearing and lower the 
main bearing caps. Bolt down the latter snugly with the bolts and studs 
provided, and also pull down to a tight sliding fit the two sides quarters and 
top quarter by means of the set-screws provided in the caps. 

Then force the shaft snugly against the quarters on the cylinder side and 
pull up the crank-end quarters by means of the set-screws at the end of the 
bed. In doing this, jar the shaft slightly with a bar so that it will take its 
natural position. Keep the side screws on the outboard bearing loose to 
prevent any bending or twisting of the shaft. After all side clearance is 
taken up on the shaft in the main bearing, adjust the side screws on the 
outboard bearing so that it is held rigidly in place. Then set all lock-nuts. 
In this manner the outboard bearing is self-aligned with the shaft, which 
prevents any possible twisting or flexing of the shaft in operation. 

After the shaft has been perfectly aligned, the generator stator should be 
set to give equal clearance at all points on the rotor periphery. The gen- 
erator shoes or base are then lined up with the stator, and after being 
properly set as described above can be grouted in place and bolted down. 


IT IS OFTEN ADVISABLE TO RUN A LINE THROUGH THE ENGINE, 


With direct-connected side crank units the shaft can be aligned by — 
it to the main bearing in the same manner as that described for center cran 
engines. It is recommended, however, that in order to ensure perfect align- 
ment a line be run through the engine proper and that the shaft be set to 
this line. The method of doing this is lustrated in Fig. 3. 

Before placing the shaft it is best to lower the lower half of the governor 
wheel in position, as it is inconvenient to place the lower half of the wheel 
after the shaft is in place. Also place the pedestal of the outboard bearing 
in position and the lower half of the bearing. Then place the bottom quarter 
of the main bearing and also the cylinder quarter in position. Place the 
generator stator in approximate position, and then also place the shaft and 
rotor. Obtain the level of the shaft by fitting it squarely to the bottom 
quarter of the main bearing, raising and lowering the outboard bearing until 
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a perfect fit over the full length of the bottom quarter is obtained. The 
best way to do this is to smear the journal with fine red lead or prussian 
blue and rotate the shaft slowly so that this is wiped over the whole length 
so - journal. This can be further checked by the use of a good spirit- 
evel, 

Next place the side quarters of the main bearing box and the adjusting 
wedge and obtain an approximate alignment with the engine by fitting to 
the cylinder quarter in the same manner as described for center crank 
engines. Whenever a change of position in the shaft is required, the out- 
board bearing should be shifted to give the proper alignment. When run- 
ning a line through the engine the crankpin should be below the line. After 
the line has been carefully checked, the crankpin should be brought up to 
the line, near either dead center and checked, to see that the line divides it 
equally. If not, the outboard bearing should again be shifted to make the 
division equal. Then turn the crank to the other dead center and check 
again. 


NO KINKS MUST BE IN THE LINE THROUGH THE ENGINE. 


This line should consist of a fine piano wire, perfectly free from any 
kinks or bends. It is an important precaution to see that the line is not 
distorted or bent in any way, and that it has not been wound on too small a 
spool. If a good straight piano wire is not available, it is preferable to use 
a fine silk cord or a fish line. The line is always run through the engine 
with the cylinder and front cylinder head in position and with the piston, 
back cylinder head, connecting-rod, and crosshead removed. The support 
for the line on the crank-end is made with sufficient spring to keep the line 
tight, and is held with a single cap-screw so that it can be tapped sidewise 
for adjustment. 

Setting of the line is made by means of a tram to the counterbores on 
both ends of the cylinder. The line should never be set to the cylinder bores. 
A tram equal to the radius of the cylinder is used to measure the distance 
from the cylinder bore to the line. The tram is held in one hand, and the 
index finger and thumb of the other hand are held lightly on the wire 
adjacent to the support. The line is made central up and down by measuring 
with the tram from the top and the bottom of the cylinder and lined up 
sidewise by measuring from the two sides to the center. 

When the line is nearly equally distant, the length of the tram can be 
shortened slightly, so that it barely touches the wire, and the relative 
intensity with which it then touches the wire can be determined accurately 
only by feeling the wire with the other hand, as described above. 

When this adjustment has been made on the head end, attention is turned 
to the crank-end. This is centered in a similar way, the tram being held by 
a handle to reach into the cylinder, and the frame end of the wire is moved 
by a second man as instructed by the man manipulating the tram. Both 
ends must be checked several times to be sure that the line is correct. On 
bored guide engines, after setting the wire to the counterbores of the cylinder, 
use a similar tram in the crosshead guides. This will give the vertical center 
position of the line. 

After the wheel bolts have been shrunk in place, the alignment of the 
shaft should be rechecked, as the weight of the wheels, particularly on the 
heavier side crank types, may cause a slight disturbance in the original 
alignment. The air gap of the generator stator should also be checked over 
again and readjusted if necessary by means of shims or shifting of the 
stator. The dowels in the engine base can then be driven home. Any parts, 
such as generator base, outboard bearing, sub-base, cylinder support, or 
other parts which have not been grouted in, can then be completed and bolted 
down snugly—Power Plant Engineering —‘“Mechanical World,” Nov. 28, 
1924. 
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RECENT DEVELOPMENTS IN REFRIGERATION RESEARCH. 


At a meeting of the British Cold Storage and Ice Association, held on 
November 17 in the rooms of the Royal Society of Arts, Adelphi, Dr. 
Ezer Griffiths, of the National Physical Laboratory, read a paper describ- 
ing some recent experimental work on refrigeration. At the National 
Physical Laboratory, comprehensive and accurate tests of the insulating 
properties of different materials had, he said, been made, using the apparatus 
represented in Fig. 1. The material to be tested was formed into slabs, 
which were arranged sandwich fashion on opposite sides of a “hot plate,” 
which consisted of two plates of aluminum surrounded by a guard ring to 
prevent side leakage of the heat. This hot plate was heated electrically, 
and thermocouples were provided which indicated the temperature at a 
number of points. To the outer faces of the slabs under test were applied 
two cold plates, which were maintained at a constant temperature by water 
circulated through the plates by the pump shown. The temperature of this 
water was maintained constant by a sensitive thermostat, and means were 
also provided for measuring the temperature at different points of the cold 
plates by copper-constantan couples. Other couples were used to measure 
the temperature of the actual faces of the slabs under test. These were 
of the flat disc type, and were insulated from the hot and cold plates by a 
single layer of blotting paper. A very high degree of uniformity of tem- 
perature was attained as indicated in Fig. 2, where the figures represent the 
temperatures observed at different points. 

For large-scale experiments on slabs up to 4 feet square, and up to 6 
inches thick, the apparatus represented in Fig. 3 was used. In principle this 
was identical with that already described, but the cold plates were cooled 
by brine circulation through a grid of iron pipes attached to the back faces 
of two steel plates. This apparatus was also used for testing the insulating 
properties of slag wool, granulated cork, charcoal and similar materials. 
The conductivity of these was largely dependent upon the closeness of the 
packing, since if packed so lightly that convection currents were established 
in the entrapped air, the resistance to heat flow was reduced, and moreover 
the conductivity was no longer independent of the dimensions of the slabs. 
This was well shown in Fig. 4, where the conductivity of slag wool was 
plotted against the density of packing, using slabs 12 inches, 26 inches and 
60 inches square. It would be seen that down to density of about 12 pounds 
per square foot the conductivity was the same for all sizes, but at this limit 
the 60-inch slabs began to show a higher conductivity than the smaller ones, 
which increased as the density of the packing was still further reduced, and 
a little later on similar divergences were shown by the smaller slabs. The 
dotted curve shown at the top right-hand corner of the diagram was obtained 
with a material which had been specially prepared so as to be as inefficient 
as possible. The straight part of this curve was nearly co-linear with the 
full line curve, but the breakaway due to convection currents occurred when 
the density of packing was about 21% pounds per cubic foot. 

The ideal material for cold storage insulation would, the speaker con- 
tinued, be an assemblage of minute cells, containing air enclosed in a light 
framework impervious to moisture. It was sometimes observed, however, 
that fibrous or granular insulating materials, such as slag wool or granu- 
lated cork, froze up into a solid block, and water had about ten times the 
conductivity of the dry insulating materials. Inspection of the woodwork 
facing the material might show it to be perfectly sound, and the question 
arose as to how the moisture had got into the insulation. It appeared that 
one way was by the diffusion of moist air into the interstices, in which case 
the moisture was frozen out near the cold face. In one experiment made 
to elucidate this, a slab of slag wool had one face kept at 15 degrees C., 
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and the other at room temperature. Periodical weighings showed that in 
26 hours the weight had increased by 1.9 per cent, due to the condensation 
of the moisture. 

The result, thus obtained in a few hours might require years if the faces 
were securely boarded in, but in practice it was impossible to seal off the 
material perfectly. There was always some breathing due either to altera- 
tions of the barometric pressure, or to the practice of reducing the tem- 
perature of a cold store during the day, so as to avoid the necessity for 
keeping machinery running at night. It was important, therefore, that the 
surface of an insulator should be coated with a substance of low per- 
meability. It was, accordingly, decided to measure at the National Physical 
Laboratory the rate of diffusion of gases through various materials. 

The apparatus is represented in Fig. 5, where B denotes the material under 
examination, which was fixed in a metal case A. The cover C was used for 
experiments with other gases than air, and for the purpose of testing the 
tightness of the wax seal. The manometers E and D served for measuring 
the pressure difference between the two faces of the slab. The ballonets H 
served to steady the gas supply. 

The author said that not many reliable experiments on the component 
parts of refrigerators had been made in this country, but that a good deal 
was being done in America. The York Manufacturing Company had 
equipped a laboratory for this purpose, at a cost of £15,000 for plant alone, 
and the weekly pay roll averaged £130. Here different types of compressor 
had been tested, and much information had also been obtained as to the 
effect of air leakage on the efficiency of the ammonia condensers. In these 
it was often found that the temperature in the condenser was sometimes as 
much as 10 degrees F. lower than that corresponding to the pressure. 

Dr. Griffiths next dealt with investigations carried out by his brother on 
behalf of the Union of South Africa, in connection with the transport of 
fruit both by rail and by ocean. Some of the fruit had to be carried by 
rail for four or five days before reaching the point of shipment. The inves- 
tigations made showed that, even when iced en route, the refrigerated fruit 
trucks sometimes reached their destination with portions of their consign- 
ment at a temperature of 100 degrees F. Other observations made on these 
trucks showed that the temperature might differ by 12 degrees F. at different 
points. Smoke observations showed that with any practical type of truck 
having end bunkers for the ice there were regions inside where the air was 
stagnant. As the result of these observations an experimental truck had 
been designed, in which the ice tank covered almost the whole of the roof. 
With this truck the coolest part of the interior was at the top, and the 
temperature did not differ by more than 3 degrees F. at different points, 
whilst the average temperature was 4 degrees to 5 degrees lower than with 
end-bunker trucks. Comparative records taken with the different types of 
truck are reproduced in Fig. 6. South African experience showed the 
advisability of pre-cooling the fruit before it was placed on ship board. 

The author said that he had also taken part in the investigations made into 
the conditions of the refrigerated chambers on the service between Australia 
and the United Kingdom. Four ships, representing different systems of 
refrigeration, were equipped with temperature-measuring and gas-analysis 
instruments, and a fifth ship with an automatic carbon dioxide and oxygen 
recorder only. The electrical resistance thermometer used was placed inside 
the actual fruit boxes. The general arrangement of the plant used is repre- 
sented diagrammatically in Fig. 7. The large box, constituting an airtight 
enclosure for four boxes of apples, was taken down into the hold, the apple 
boxes selected at random from the cargo, being loaded and the lid sealed 
down. The enclosure was then built into the bulk of the cargo so as to be 
subjected to precisely the same conditions as regards temperature. Pipes 
led away from the enclosure to a convenient position outside the hold and 
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the observer was able to make gas analyses of the atmosphere in the box, 
for if the experiment were started with ordinary air in the box the respira- 
tion of the apples resulted in the absorption of oxygen and the formation 
of carbon dioxide. The carbon dioxide content could, with the arrangement 
shown, be kept within any desired limits by pumping in fresh air. 

In the discussion which followed the reading of the paper, it was stated 
that, owing to the fact that Tasmanian apples reached the ports largely by 
river transport, the fruit was not pre-cooled before shipment. As a conse- 
quence, therefore, much of it arrived in bad condition and the price obtained 
per box was only half that paid for Californian apples. The latter were 
pre-cooled before shipment, as also were most of the apples shipped from 
Australia. Several speakers also referred to the very frequent destruction 
by dry rot of the wood used in constructing refrigerating chambers. In 
order to reduce heat losses, this wood was carefully protected from air 
currents, and in these circumstances dry rot was very likely to develop.— 
“Engineering,” Nov. 28, 1924. 


PROBLEMS OF THE ENGINEER IN AVIATION. 
Grover LoENING.* 
PRESIDENT, THE LOENING AERONAUTICAL ENGINEERING CORPORATION, 


We often hear that the public is intensely interested in aeronautics, but 
there is clear evidence that engineers have failed to spread their technical 
knowledge of aviation widely enough. 

Human interest has been gripped by the great flying feats that follow, 
one after another, but the practical engineering developments that make 
greater and greater feats possible, year after year, are unfamiliar to the 
public. New engineering developments of worth for the automobile are 
instantly appreciated, and the engineers are stimulated to new efforts by a 
demand from the public that is most competent. The layman, let us say 
for example, knows that he wants motor cars for steering in a much shorter 
radius to facilitate parking, or that he wants less trappy bodies, or hopes to 
do away with the gear shift, and so on. No engineer successfully developing 
features of this sort need sell them. The public is away ahead, impatiently 
waiting. 

Much the same thing is true in radio. 

But the case of aviation is quite different. The wide interest in the great 
feats that are performed is largely in the spectacular side. If the Round- 
the-World Flight had been an easy jaunt there would have been much less 
interest, but the perils faced by the flyers, the great weather hazards of 
storm and fog, and the unknown nature of the lands through which they 
flew so successfully, have a compelling and dramatic interest. The hard- 
ships endured and the heroism of the pilots are justifiably emphasized; but 
am I entirely wrong in saying that this is to the detriment of a healthy 
public demand for air transport, because flying is still left too much in the 
realm of the spectacular and remains a feat—not for the layman and his 
wife and family—but for the hero and the daredevil. : 

As a matter of fact, the World Flight from an engineering standpoint 
was a revelation in showing us that airplanes of the present day have a 
service endurance and weather resisting qualities far above what was com- 
monly believed possible, and the machines used stood up to mooring and 
weathering conditions that many boats and automobiles would have trouble 
equalling. But the very feature of the World Flight that makes it a con- 
vincing demonstration of the future possibilities of air travel is, that one- 


* From an address delivered recently at the New York University, under the auspices 
of Aeronautic Division of College of Engineering. 
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half to two-thirds of it was not at all spectacular, and represented a series 
of easy flights well within the power of the machines and motors, and easily 
within the scope of competent pilots and navigators. 

We rarely read of the millions of miles flown by planes all over the 
country without a serious accident of any kind, and yet, as you know, acci- 
dents themselves hardly ever miss the front page. This is entirely under- 
standable, of course, because the crash of an airplane to the ground is 
eminently spectacular and generally seen by a great many people. 

As an engineer in this business, however, I submit that the public gets 
two aspects of aviation, which we engineers know are not true. In the 
tremendous featuring of the great flights that are made, the public is not 
made to realize that these feats are well within the possibilities of the 
machines that the engineers devised. Secondly, the attention to accidents 
gives aviation an unfair reputation for danger, which is not justified by the 
actual figures. 

Flying at present is admittedly dangerous; so is polo, steeplechasing, 
mining, and for that matter the Twentieth Century Limited; and need I 
add that more people die in bed than anywhere else. In short, the technical 
people intimately acquainted with aviation are admittedly somewhat hard 
boiled, but they do know without fooling themselves that flying is not nearly 
as bad as is generally believed. The question has often been asked, why 
there is not a more general use of flying by the public, and where the blame 
may be placed. I do not hesitate to blame the engineers first for being slow 
in making those perfections which we know will make flying a “go.” The 
engineers, in turn, blame first the lack of available capital for development, 
and secondly, some of them blame the war. Whether aviation was helped 
or hindered by the war is, in the opinion of many engineers, a fifty-fifty 
proposition. The technical stimulus given by a forced development of the 
theory of planes and motors when added to the enormous amount of flying 
that was done, has undeniably given us a vast technical knowledge. But 
what good is this, if it must remain locked up in the engineer’s drafting 
room, because of the lack of outside understanding and enthusiastic public 
interest and encouragement, which the great war distinctly hindered. 

Engineers today recognize all over the world that the airplane as used 
in the war is not a practical vehicle for travel by the public. We now have 
air transport ideas, in addition to exclusively military ideas, and the two are 
quite different. We are, therefore, at the stage, and all engineers in this 
business as well as the public, must realize it, where we are entering upon 
a new start in aviation, for a civilian customer is being added to our military 
and naval customer. The military and naval side of aviation is fixed beyond 
any question of argument, and is absolutely indispensable, if not com- 
manding. The civilian side of aviation, in the opinion of the engineering 
mind, has really just barely begun. : 

There is only one limit to the lightness of an airplane, and that is the 
lightest humanly possible. Never must it be forgotten in aeronautical engi- 
neering that the only reason the airplane flies is because it is light enough 
to do so. The refinements that this requirement of lightness have led to in 
the engineering structures that we build are most remarkable, and far ahead 
of any other branch of structural engineering. For example: Is it realized 
that we consider it nothing extraordinary in aviation to build a wing struc- 
ture, really a bridge, fifty feet span weighing only six hundred pounds 
which will support, without failure, a load of over twenty tons? ; 

We have ribs, for example, that will support a distributed load of eight 
hundred pounds, without failure, and that weigh only twelve ounces ; and, 
of course, it is the lightness requirement of airplanes which has given the 
great impetus to the development of the new alloy, duralumin, which we 
find has absolutely got the strength of mild steel, and weighs only one-third 
as much. Aeronautical engineers now accept duralumin as a fact incapable 
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of any further argument, and many others go even further, and wonder 
why so many other branches of engineering are failing to re-design their 
structure for the use of this material. Railroad cars, automobiles, and ships 
can all be lightened enormously; many of us believe we are about to pass 
out of the steel age into a duralumin age. 

The use of other light structural materials has been developed to a high 
degree, also. For example: The use of balsa wood which we find on test 
is, per pound of weight, the strongest structural material known to man. 
It is a light wood, largely pithy, weighing only eight pounds a cubic foot, 
and one-third the weight of the lightest pine wood ordinarily seen, but it is 
so soft that we have had to learn a great deal about how to take hold of it, 
and curiously, where duralumin fittings are fine for taking hold of the harder 
woadei we find that hard wood is the best thing with which to take hold of 

alsa. 

The engineer chooses an engine out of several available, or perhaps installs 
one of new design, and what applies to the plane on lightness and reliability 
applies, of course, to its engine. But here we are treating with the branch 
of our work, which, in the opinion of trained aeronautical engineers, has 
suffered somewhat from its similarity to automobile engine work and to get 
into this phase of how the gasoline automobile engine has been marvelously 
lightened and perfected to high horsepower for the airplane is another long 
story. 

I have recently had the good fortune to participate in a development that 
carries strong proof of this, in the inverting of the Liberty motor. This 
experience is typical of the unfortunate way that engineers have of sticking 
to things that really have no reason at all. The automobile requires road 
clearance, and at the same time requires the lowest position for the driving 
shaft so as to drive straight back to the axle. Therefore, automobile engines 
have developed so that their cylinders and their parts are largely on top of the 
crank shaft. Then we come along to the development of the Liberty motor, 
and nobody gives sufficient attention to this fundamental, so that the airplane 
motor proceeds along the same lines. But in the airplane we have a totally 
different condition, because we have to swing a big propeller ten feet more 
or less in diameter. That right away puts the crank shaft way up in the 
air, and using the automobile type of motor, the cylinders and all the works 
are added on top of that, so that the whole thing sets up on stilts, and the 
space easily available and much more convenient for the engine below the 
crank shaft is, from a design standpoint, sheer waste. 

Landing conditions have been operating today as a great deterrent to 
flying. Fields that are big enough are not provided and the airplane has 
largely had to remain a vehicle with no roads to ride on. New develop- 
ments, however, are improving this condition daily. New designs of planes 
are being brought out that require less and less space to start from and 
alight on, and right here we should say that the popular conception that 
slow landing speed solves this problem is quite wrong, since it is even more 
important above all things to have excellent control at landing speed in order 
to make safe and easy landings. 

The development of the amphibian airplane which can alight on land or 
water alike, has been most encouraging and I consider myself fortunate to 
be identified with this development. We are confident that we have arrived 
at the point where the airplane has become a vehicle that can land anywhere, 
and the old distinction between the seaplane and the land plane is going to 
disappear. Common sense alone would indicate that the airplane must be 
able, even when on trips in the interior of the country, to land on lakes and 
rivers as well as fields, and this fact alone opens up a great deal more flying, 
since the lakes and the rivers and the harbors already exist as fine landing 
fields and generally are in the heart of cities. The cross-country flyer with 
an amphibian type has much more than doubled his available landing places 
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in case of difficulty, and the development of a machine of this type that is 
the absolute equal of the land airplane has long been the dream of aero- 
nautical engineers as an enormous stride in greater safety and more prac- 
tical usage. 

Another fundamental we must realize is that an airplane, or for that 
matter any other air vehicle, be it a helicopter that rises straight up, or 
some other contraption, is mechanically suspended in the air, and if anything 
goes wrong it cannot be stopped by the roadside to be fixed, as can a motor 
car. There is always, therefore, in air travel the possibility of a fall, and 
competent engineers in time to come will not only realize this but will 
actually design the airplane so as to take a fall from several thousand feet 
entirely out of control with no injury to the occupants. We may, very likely, 
come to the development of crash proof cockpits, seating the passengers in 
a metal shell surrounded by shock absorbing material, so that the most 
complete breakdown and accident resulting in the collapse and fall of a 
plane will absolutely ruin the plane but will hurt no one. This is merely 
recognizing the principal that you can buy a new plane, but you cannot buy 
a new foot, and I venture to say, that if the railroads had not had the con- 
struction of the steel cars with their relative safety they would have suffered 
greatly in volume of traffic. Given the opportunity, the encouragement, 
the capital, and the time, aeronautical engineers are certain to work out the 
obvious limitations which aircraft of today have got, and that means that 
the airplane of tomorrow will become a very practical and safe vehicle quite 
soon—that the thirty or forty mile-an-hour world-wide transportation of 
mail, passengers, and goods by railroad, motor car, and ship will be suc- 
ceeded quite suddenly by a one hundred mile-an-hour transportation through 
the limitless fields of air—“U. S. Air Services,” Jan., 1925. 





RECENT PROGRESS IN THE SCIENCE OF AERONAUTICS.* 


By Josepn S. Ames, Pu.D., LL.D. 
Tue Jonns Hopkins UNIVERSITY. 
MEMBER OF THE INSTITUTE. 


The aeronautical engineer whose function is to design aircraft has, in the 
past, followed several methods, or combinations of methods. 

One of these, the most obvious, is to rely largely upon past experience. 
One successful type leads to another, refined in some particulars, it is true, 
but essentially the same. This method was the one followed until very 
recently in the design of airships. As a matter of fact, there could be no 
other method until direct physical experiments were performed upon the 
distribution of pressures over the envelope, fins and elevators and rudder, 
and the stresses and strains in the members of the framework were measured. 
The defects of the method are sufficiently obvious, the main one being that 
ignorance of detailed knowledge would surely lead to making the structure 
too heavy or too weak. 

The method most commonly used today is to obtain preliminary knowledge 
of the aerodynamical properties of a model of the aircraft or of models of 
its various parts. For this purpose, models, of possibly one foot or two feet 
in size, are made and tested in wind-tunnels. These last are circular tubes 
of large diameter, up to ten feet or more, through which a current of air 
may be drawn by fans at a velocity of 100 miles an hour or more. The 
model is suspended in the air-stream from a balance, to which the necessary 
weights may be added in order to keep the model stationary; and in this 


* Address delivered in the hall of The Franklin Institute, Wednesday, September 17, 
1924, on the occasion of the centenary of the founding of The Franklin Institute. 
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manner the forces and moments acting on the model under varying con- 
ditions may be determined. All the countries in the world have such wind- 
tunnels, and many manufacturers of aircraft have their own. Thus a 
designer of a new shape of airplane wing will have a model made as exactly 
as possible, and will then in the wind-tunnel test its lift and drag under 
different angles of attack, determine the motion of its center of pressure, etc. 
All of these data are extremely useful. Again many experiments may be 
performed in wind-tunnels upon such problems as: 

(a) The effect of the presence of the fuselage of an airplane upon the 
action of the propeller ; 

(b) The effect of giving different shapes to the trailing edge of a wing 
upon the distribution of force over wing; 

(c) The relative aerodynamic advantages of biplane or monoplane con- 
struction for certain types of airplanes. 
No one can overestimate the usefulness of all the information which has 
been obtained from observation upon models; but the method suffers from 
one fundamental weakness. It is not possible to deduce exact conclusions 
as to the aerodynamic properties of a full-scale aircraft from the knowledge 
of those properties for models of the aircraft. There are forces of two 
distinct types acting upon an aircraft when it moves through the air; one 
of these depends upon the inertia of the air, that is, upon the density of the 
air and its velocity relative to the aircraft; the other upon the viscosity of 
the air. When a model of an aircraft is placed in an air-stream, no change 
is made in the nature of the air, but since the dimensions of the model differ 
from those of the full-size aircraft, the relative importance of the two types 
of forces is changed. It has been known for many years, from certain quite 
elementary considerations, that the aerodynamic properties of aircraft and 
model agree only for one special condition. If V is the relative velocity 
between the air and the solid body, p is the density of the air, u is its coeffi- 
cient of viscosity and L is a linear dimension of the solid body (e.g., the 
diameter of a cylinder or strut, the length of the chord or span of an airplane 
wing, the length of an airship, etc.), then the aerodynamic properties are the 


same if the fraction © is the same for the aircraft in flight and the 


model in the wind-tunnel. This fraction is called the Reynolds number, and 
obviously is of fundamental importance. In the use of a model, therefore, 
in an ordinary wind-tunnel, while V may approach that of the actual flight 
of the aircraft, and while p and uw are the same, L is much smaller, being 
perhaps one-twentieth for an airplane and one-three-hundredth for an air- 
ship. So it is apparent why the method itself is defective. In spite of this 
fact, and for reasons which need not be elaborated here, the method does 
yield important and useful results, and it has given, in the main, the store 
of data from which the designer of aircraft has drawn. It is seen at once 
that the method can be improved; can, in fact, be made theoretically ideal, 
if the density of the air used in the wind-tunnel is compressed as much as 
the linear dimension of the aircraft is diminished, for under these circum- 
stances, the product of pL does not change, and it is known that uw, the 
viscosity, is not affected greatly. The difficulty of securing these ideal con- 
ditions is a purely engineering one; it is to place the entire wind-tunnel in 
the interior of a tank in which the air may be compressed as much as is 
desired. A wind-tunnel of this type has been made by the National Advisory 
Committee for Aeronautics of this country and is in operation at its labora- 
tories at Langley Field, Virginia. With the results now being obtained in 
this laboratory, the aeronautic engineer may make his designs with absolute 
confidence, ? 

Another method which has been perfected within recent years has been 
one consisting of making observations upon actual aircraft while in flight 
or in making maneuvers. (In this way, correction factors have been 
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obtained which could be applied to data determined in wind-tunnel experi- 
ments upon models.) This method requires the operation of a large num- 
ber of recording instruments for the accurate registration of velocities, 
accelerations, pressures, etc. By means of these, the actual motions of air- 
craft under varying conditions, of the distribution of pressure over all parts 
of their surfaces, of the motions of the control surfaces (rudder, ailerons, 
elevators), of the forces required of the pilot to secure results, etc., have 
all been determined to a high degree of accuracy. This information is 
especially important in helping the designer to make a proper distribution 
of his loads so as to give the proper strength to the structure and yet not to 
increase the weight, and also to know exactly what are the essential con- 
ditions for safety in flight, for controllability, i.e., ease of altering the state 
of flight, and for maneuverability, i.e., rapidity of alteration of the condition 
of flight. The larger part of the improvements made in recent years in the 
design of both airships and airplanes is due directly to the information 
obtained by this experimentation with full-size aircraft. 

Still another method is available today, which unfortunately has not yet 
been used extensively in this country but which was used by Germany with 
the utmost success in the war. This consists of the application of the theory 
of hydrodynamics to aeronautical problems. This subject has been per- 
fected by the work of mathematicians and physicists, and forms one of the 
most beautiful illustrations of applied mathematics. The general theory is 
available to everyone in Horace Lamb’s admirable treatise on hydrodynamics, 
which is a perfect storehouse of information. The difficulty in the past has 
been to apply it. Air, as a fluid, is compressible—as distinct from an ideal 
liquid; and it shows viscosity when one layer moves over another or when 
a solid body moves through it. These facts make it impossible, at present, 
to apply the equations of hydrodynamics to such a fluid; the mathematical 
operations are too difficult, except in a few comparatively unimportant cases. 
Careful consideration, however, shows that for many practical problems, 
of interest to aeronautical engineers, it is allowable to treat the air as of 
constant density and to neglect its viscosity. This last comes practically into 
account only in the immediate neighborhood of the surface of the aircraft 
and the compressibility of the air becomes an essential feature only when 
velocities of 1000 feet a second or 12 miles a minute are considered.’ In 
other words, for a large class of problems, air may be treated as an “ideal 
liquid.” Attention was first drawn to this fact by W. Kutta and by L. 
Prandtl. But, granting it, great difficulties still remain. There is no gen- 
eral method, that is practicable, for treating mathematically the motion in a. 
liquid of a solid body of any arbitrary shape. Actual aircraft, either air- 
ships or airplanes, have irregular shapes, fixed appendages and movable 
parts; so they cannot be discussed directly. The plan has been, therefore, 
to simplify the problem by selecting for mathematical treatment certain ideal 
shapes and by making, when necessary, certain physical assumptions. The 
general problem has been siniplified enormously by the recognition of the 
fact that in the actual flight of aircraft there are many conditions under 
which the air particles in any plane remain in that plane during flow, thus 
being an illustration of uniplanar flow (two-dimensional). The importance 
of this fact lies in the knowledge of a general method of the mathematical 
treatment of such motions. Thus when an airship is moving under pitch 
(or yaw), the portion of the airflow created by the pitch (i.c., the transverse 
flow) near the center of the ship is practically uniplanar, since there the 
airship has a cylindrical shape. ‘ #43 

The flow about airships bas been discussed in two quite distinct ways. 
Since the lines of flow of the fluid are along the surface of the airship, one 
mode of attacking the problem theoretically is to deduce such a distribution 
of sources and sinks along an axis as will give lines of flow which, when 
combined with a uniform flow—due to the motion of the airship—will give 
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lines of flow lying in a surface identical with that of the airship. The whole 
character of the flow everywhere may then be deduced from the strength 
and distribution of the sources and sinks. This would then enable one to 
calculate the distribution of pressure over the surface of the airship. This 
method has been used with great success by G. Furhmann, who tried various 
distributions of sources and sinks, thus obtaining by trial various surfaces 
of flow which agreed as accurately as need be with the surfaces of actual 
airship types. The resulting pressures obtained by calculation were found 
to agree most closely with pressures actually observed, except at points near 
the stern where, of course, agreement was not expected, since it is at those 
— that the effect of viscosity in the surface layer of air makes itself 
elt most. 

M. Munk has solved the same problem in the case of an ellipsoid of 
revolution by an ingenious deduction from a general formula of Lamb’s 
concerning the flow past an ellipsoid. Munk’s formula for the pressure 
applies also to an airship flying with an angle of yaw (or pitch). 

Another interesting and important problem concerning airships has also 
been solved by Munk, using general mechanical principles. his is the 
determination of the unstable moment acting upon the airship when flying 
with an angle of yaw in either a straight or circling path. And, taking into 
account the fact of the uniplanar flow in central transverse planes if there 
is transverse motion of the airship, Munk has established the distribution of 
transverse forces acting on the ship when in straight or circling flight, with 
a small angle of yaw. Knowing the unstable moment and the centrifugal 
force, in the case of circling flight, the properties of the fins, the stationary 
fixed surfaces attached to the airship near its stern, may be discussed. In 
short, Munk’s formulas are absolutely essential for the designer of airships 
and furnish information which could otherwise be obtained only by most 
elaborate observations. 

The theory of airplane wings is divided naturally into two parts, that 
concerned with the effect of the cross-section of the wing, its profile, and 
that which takes into account the effect of the tips of the wing. The former 
really treats the wing as if it had a span of infinite length, and the flow is, 
then, strictly uniplanar. The problem of the flow in this case was first suc- 
cessfully attacked by W. Kutta and by N. Joukowski. Kutta was the first 
to show that in order to have a transverse force act on the wing, that is, in 
order to have a lift, it was essential that part of the flow about the wing 
should be a circulatory flow around it, and he deduced the formula, bearing 
his name, giving the connection between the amount of the circulation of this 
flow and the lift. His method then was to deduce the combination of two 
flows about a circle—the problem being a uniplanar one, one a uniform flow 
in a certain direction, the other a circulatory flow in circles around the 
original circle; then by means of a conformal transformation to transform 
the original circle into some other closed curve and the original lines of 
flow into lines of flow around this new section; finally so to choose the rela- 
tion between the velocity of‘ the uniform flow and the circulation in the 
original problem that in the new one the total resultant flow divides exactly 
at the “trailing edge” of the section. Following this process Joukowski was 
able to obtain certain closed curves which resembled greatly some well-known 
wing profiles, and thus to deduce the nature of the flow about them, the 
distribution of pressure over the wing, etc. This process of Kutta can be 
applied to only a limited number of cases; and evidently it cannot be used 
to deduce the flow about a wing whose section is given arbitrarily. 

Munk has developed a much more general method for the discussion of 
the infinite wing, and has deduced general formulas for the lift, the pitching 
moment and the position of the center of pressure, for a thin wing of any 
cross-section. He first shows that, as far as lift and pitching moment are 
concerned, the flow about the thin wing may be considered—to a good ap- 
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proximation—the same as the flow about a curved line (the flow being 
two-dimensional) which is the medial line between the upper and lower 
surfaces of the wing, having the direction at any point of the element of the 
wing. He next shows how Kutta’s theorem concerning the lift, combined 
with his method of treating the flow at the trailing edge, leads to a theorem 
connecting the lift with the distribution of transverse velocity component 
along the chord of the wing. This last evidently depends upon the slope 
of the wing curve at each point. So ultimately Munk obtains his formulas 
for lift and moment expressed in terms of the geometry of the wing curve. 
If the co-ordinates of this curve are known, as they are in practice, the 
values of the lift and moment may be deduced at once. These formulas 
of Munk may be used to discuss the general properties of any type of wing, 
without the need of awaiting tests in a wind-tunnel. 

In order to describe the effect of the ends of a wing, Prandtl, calling 
attention to the fact that there must be a circulation around the wing in 
order to secure lift, compared the wing to a portion of a vortex filament 
whose two end-portions run off perpendicularly backward from the two 
wing tips. The velocity of flow due to this vortex would account in a gen- 
eral way for the change of the angle of attack, i.¢., the “induced” angle of 
attack, for the induced drag and for the effect of one wing upon another 
in a biplane or multiplane. Further, assuming that the strength of the 
vortex varied along the span, so that the density of lift along the span 
varies and that vortex filaments run backward off the wing at all points, a 
still better approximation to reality was secured. By making a proper 
hypothesis as to the distribution of the lift along the span, definite formulas 
could be deduced. When these formulas were compared with the results 
obtained in wind-tunnels, very interesting conclusions could be drawn as to 
the connection between induced drag and the drag due to viscosity. Prandtl 
also indicated the solution of the problem which arises, when, instead of 
having given the distribution of lift, the distribution of induced downwash 
along the span is specified; and A. Betz solved a special case of the general 
problem of determining the distribution of lift for a wing of given plan 
form and a given angle of attack. When Prandtl applied his concept to 
biplanes, he was able to deduce most interesting theorems, all of importance 
to designers. 

Munk’s treatment of the same problems as just discussed, dealing with 
the finite wing, is much simpler than Prandtl’s, involving, as it does, only 
the ideas of energy and momentum. His general thought is again to discuss 
uniplanar motion, this time in a transverse layer perpendicular to the line 
of flight, through which the wing passes. In this case, the front view of a 
monoplane can be considered a straight line having a length equal to the 
span, and the uniplanar flow is about this line in a vertical plane. Munk 
deduces the induced angle of attack and the induced drag, when the span is 
given, and, also, what is most important, the effect of induction, that is, 
of the flow itself, in modifying the effective angle of attack, both so far as 
concerns the lift and as affecting the rolling moment. In short, Munk’s 
method gives exactly the formulas needed by the aeronautical engineer. 

Similarly, when applied to biplanes, with or without stagger, Munk’s mode 
of approach is distinctly ap come rather than mathematical, and leads 
directly to the solution of the problems concerning lift, induced drag, 
moments and position of center of pressure. 

As a consequence of this theoretical work of Prandtl, Betz and Munk, 
the science of aeronautics has at its disposal certain formulas which enable 
one to calculate the principal properties of an airplane wing of given profile 
and dimensions and also of any combination of wings. Furthermore, these 
formulas make it possible to discuss the effect of modifications in the wings, 
as, for instance, of changing the ailerons. It is true the formulas are based 
upon simplifying assumptions; but the results obtained from them are of 
the same order of accuracy as those obtained from tests in wind-tunnels, 
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ON THE COMING-OF-AGE OF AVIATION. 


On this day twenty-one years ago, that is to say on December 17, 1903, 
Mr. Orville Wright made the first sustained flight on a power-driven aero- 
plane, It is true that the flight only lasted for twelve seconds and that the 
machine was launched into the air by a catapult apparatus. But those 
twelve seconds were enough for the effect of the catapult to be absorbed 
and to show that the apparatus was actually sustaining itself by its own 
power. : 

From twelve seconds to twelve minutes and thence to twelve hours of 
sustained flight was a natural progression, and further extension of the 
period which an aeroplane can be sustained in the air is only a matter of the 
machine’s capacity for carrying fuel. 

Claims have been made that: the first aeroplane actually to fly was the 
Avion, a steam-driven twin-screw, tractor monoplane designed and built by 
Mr. Clément Ader in France. It seems quite probable that the Avion, whose 
name incidentally has been adopted as the official French word for an aero- 
plane, did actually hop off the ground under its own power in 1893, And 
so it may be fairly regarded as one of the great precursors of the modern 
i gi but certainly it did not maintain itself in flight as did the first 

right. 

How the Wright biplane was produced under difficult circumstances b 
the Wright brothers, Orville and Wilbur, as the result of experiments with 
gliders from the tops of sandhills on the coast of North Carolina, and how 
they built their own first 12 horsepower engine in their own cycle shop at 
Dayton, Ohio, can be read in any history of aviation. 

Unhappily Wilbur Wright, who was the moving spirit of the partnership, 
died of typhoid fever on May 20, 1912. Long before his death the Wright 
aeroplanes as designed by him and his brother had ceased to contribute 
towards the progress of aviation. It will always be to the credit of the 
Wright Brothers in History that they made the first aeroplane which flew 
under its own power. But like so many pioneers their work arrived at a 
dead end. The very characteristic of obstinate determination which makes 
pioneers succeed in a task which superior people had proved to be impossible 
prevents their minds from expanding and grasping new ideas. 


THE NEW PIONEERS, 


After the first success of the Wright Brothers came a fresh group of 
workers for Aviation who really contributed to progress. In the United 
States Glenn Curtiss developed aircraft which had a performance much 
superior to those of the Wright Brothers and to him definitely may be 
assigned the credit for having designed and built the first aircraft which 
ever flew off and onto water. There is much interest in considering that 
Mr. Orville Wright, the first man in the World to fly, is still alive and 
taking a useful philosophic interest in aviation, and that Glenn Curtiss, who 
really made American aviation in its early days, is still very actively em- 
ployed in business though still interested in aviation, and that the firm which 

e founded can fairly claim to lead the World at the moment in its own 
particular type of aeroplane. 

In Europe the pioneers were Ellehammer the Dane and Santos-Dumont 
the Brazilian who almost at the same time in the autumn of 1906 made long 

ops. 


THE GREAT YEARS. 


The great years in the development of aviation were 1907, 1908 and 1909. 
In 1907 Mr. A. V. Roe built and flew for short distances a triplane from 
which has been developed the famous Avro biplanes of today. M. Blériot 
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in 1907 built in France a monoplane which flew in 1908 and was the fore- 
runner of the famous Blériots and Spads of today. The Voisin brothers 
built in 1907 a box-kite biplane which was flown by M. Henry Farman in 
1908 and from it rose the great Farman firm. And here again it is inter- 
esting to note that Mr. A. V. Roe, M. Louis Blériot and M. Henry Farman 
are all still actively employed in the manufacture of aircraft. 

In those years also the late S. F. Cody built and flew his biplane at 
Aldershot. 

It was in 1909 that the first aircraft boom began. The invention of the 
Gnome rotary engine in France by the Séguin Brothers produced a power- 
plant so phenomenally light that it was said that a tea-tray could be made 
to fly with it. Actually the Gnome engine, because of this very quality, set 
back to a considerable extent the design of aeroplanes, for with it all sorts 
of flying machines of the box-kite type were persuaded into the air, whereas 
if they had been tied to the heavier motor-car type of engine we should 
have been compelled to develop efficient aeroplanes. 

That in fact is what happened in Germany where the Benz and Mercédés 
Company produced heavy but very reliable engines and the German designers 
were forced to make quite reasonably efficient aeroplanes to lift those engines. 
A study of the pictures of historical aeroplanes produced between 1909 and 
the outbreak of war 1914, such as may be found in back numbers of “All 
the World’s Aircraft,” show quite definitely how nearly the early German 
aeroplanes of those years approximate in outline to our most modern 
machines. 

Nevertheless the Gnome engine, by getting all sorts of aeroplanes into the 
air, allowed us to gain air experience and so contributed enormously to that 
long-drawn war which we are still waging for the Conquest of the Air. 


TWENTY-ONE YEARS’ PROGRESS, 


Some idea of the progress which has been made in these twenty-one years 

may be gathered from a comparison of performance figures, 

he speed of that original Wright machine was approximately thirty 
miles an hour. Today the speed record put up by the Ferbois biplane is 
278 miles an hour. 

The distance travelled in that first flight was about 850 feet. The longest 
non-stop flight yet made was that across the Continent of America, a distance 
of over 3000 miles. 

The duration record of that first Wright machine, which was made by 
Mr, Wilbur Wright after his brother Orville had made the first flight, was 
a matter of 59 seconds. The record non-stop flight today is 38 hours. 

The height reached by that first Wright machine in 1903 was somewhere 
about 15 feet. The height record of today is close upon 40,000 feet, or 
roughly 7% miles vertically above the earth. 

hanks to such purely British products as the Rolls-Royce Eagle type 
engines the Atlantic has been flown in a non-stop flight | Australia and 
South Africa have been reached by air from England. 

A flying boat of the United States Navy was the first aircraft to cross 
the Atlantic under its own power. . Both British and foreign aircraft have 
flown with Napier Lions to Japan and other places in the Far East. India 
has been reached many times by air. And four gallant American aviators 
on American aircraft have flown completely round the Northern Hemisphere. 

During the war 1914-18 aircraft contributed enormously to the operations 
of the belligerent Armies and they might have contributed equally to naval 
operations if the various Navies concerned had appreciated the possibilities 
of aircraft, But it is well even now not to overrate what aircraft did in 
that war, They contributed very largely to the success of the Allies but 
they did not actually win the War. 
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_Also it is well to recognize the fact that the War did not develop efficient 
aircraft. In the War we worked for performance at all costs and we got 
that performance by piling on more and more power and not by producing 
aircraft which were aerodynamically efficient. 


EFFICIENCY. 


It is only since the War that we have begun to seek for efficiency. It 
may be that the comparatively useless light aeroplanes which have been pro- 
duced during the past three years will contribute more to aeronautical 
progress than did all the war flying. They have at any rate demonstrated 
that one man can fly with something like 10 horsepower. 

Thus they may turn the minds of our designers in the direction of believing 
that 10 horsepower per passenger in commercial aeroplanes is an adequate 
allowance. Even if we only reach the stage of carrying eight people with 
100 horsepower or so we shall have progressed a good deal beyond the 
present stage of needing something like 500 horsepower to carry eight or 
ten people. 


A PROMISING YOUNGSTER. 


Nevertheless these twenty-one years have shown quite considerable prog- 
ress and on coming of age Aviation may be regarded as quite a promising 
youngster. Like human beings at that age it is a little too sure that it is 
the only thing that matters in the World. And it is a little bit too inclined 
to think that it knows all about itself and everything else. The Aeronautical 
Community, considered as a single entity, still suffers from being selfish and 
self-centered and self-complacement, as is the custom of the very young. 

There is still much to be done in the development of Aviation. And our 
self-satisfied designers and organizers and so forth will do well to look 
ahead to the future career of ayiation, much as the young man who has just 
attained his majority will, if he be wise, look ahead to his own future. 

We need aircraft which are as safe to fly as a motor-car is to drive. They 
must depend on the skill of the pilot only for their direction. They must 
be non-diving and self-landing. 

We need airways organized according to the motto of Colonel Paul 
Henderson, the United States Assistant Postmaster-General, who has said 
that “An airway is on the ground and not in the air.” 

We need to be able, as already suggested, to carry very much bigger loads 
with very much less horsepower. 

We need very much cheaper engines and cheaper methods of construction 
before we are able to produce commercial aeroplanes which shall be a com- 
mercial proposition. Pgs’ = 

These things will all come in due course. Everything is leading towards 
them. Most of them are so well within sight that one might prophesy a 
boom in commercial aviation within the next five years but for the fact that 
it will probably be set back by the outbreak of the real World War. 

Yet it is even possible that such a war may be fought in such places that 
commercial aviation may develop simultaneously with the War itself. The 
use of mechanical transport in the War 1914-18 did much to develop the 
motor-truck, And it is possible that aif transport of material from England 
to Central Europe in the Great War may develop commercial aeroplanes. 

New industries and new methods of transport have a curious habit of 
developing at a rate very similar to that of the human being. Therefore 
there is a fair prospect that in the’ next twenty-one years those of us who 
live may see aviation develop to full maturity, much as railway transport 
developed between 1840 and 1860. We may see in all civilized countries a 
network of airways with proper ground organization and using passenger 
machines which are as safe in the air as is a railway train on its track. 
May it be so.—c. c. c.—“The Aeroplane,” Dec. 17, 1924. 
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ScREW PROPELLERS AND ESTIMATION OF POWER FOR PRO- 
PULSION OF SHIPS, ALSO AIRSHIP PROPELLERS. *By REAR 
ApmiRraL C. W. Dyson, U. S. Navy. Simmons-BoaRDMAN 
PUBLISHING Company, 30 CHurRcH STREET, NEw York, 
N. Y. Set of two volumes (not sold separately) bound in 
cloth, $15.00. 


Admiral Dyson in his third and last edition of his work on 
the Screw Propeller has placed in form for the use of others 
the vast amount of knowledge that he has gained in his long 
and intimate contact with propeller problems. 

This work is in two volumes, Volume One is the “Text”’ 
and Volume Two, the “Atlas”. 

Volume One contains 489 pages of 6 by 9 inches in size 
with 88 illustrations. Chapter Headings as follows will give 
a good idea of the extensive treatment of the subject: 

Types of Hulls. Normal and Slip Block Coefficients, Thrust 
Deduction. Power Loss Factor. Power Loss Factor Coeffi- 
cient. Mean Relative Tip Clearance. 

Estimation of Power. Indicated, Shaft, Thrust, Effective 
(Tow-rope) Horsepower. 

Early Investigations for Obtaining Data for the Design of 
Screw Propellers. Empirical Formulas. 

Theoretical Treatment of the Screw Propeller. 

Practical Methods of Design. Design by Comparison. 
Taylor’s Method. Barnaby’s Method. 

Third Method of Design: Design Based on Actual Trials of 
Full-sized Propellers in Service Over Carefully Measured 
Courses. The Dyson Method. 

Cavitation: Cavitation of the Thrust Column—Cavitation 
Due to Excess Thrusts—Cavitation of the Blade Backs; Cavi- 
tation of the Suction Column—Cavitation Due to Excess Tip 
Speeds—Cavitation of the Blade Faces. _ 
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Design by Method of Comparison: (1) Thrusts Reduced by 
Law of Comparison; (2) Thrusts Constant. 

Standard Forms of Projected Areas of Blades for Use with 
the Charts of Design. 

Analysis of Propellers in Underload and Overload Condi- 
tions but Out of Cavitation of the Thrust Column. 

Problems Illustrating the Effect of Propellers Cavitating 
Due to Excess Thrusts. Submarines, Analysis of Perform- 
ances on Surface and When Submerged. 

Design of the Propeller: Method for Determining Pitch, 
Diameter, Projected Area Ratio and Propulsive Efficiency. 

Change of Pitch from Designed Pitch, by Twisting Blade 
on Hub, Effect on Performance of the Propeller Caused by 
Varying Any of Its Elements, 

Stopping, Backing and Turning of Ships. 

Computations for Strength, Friction, Centrifugal Force, 
The Hub. Laying Down the Propeller Design. 

Propellers for Airplanes and Dirigibles. Design. Material 
and Construction. 

Volume Two contains 88 double-page sheets of 914 by 
151% inches. This volume contains the charts and data sheets 
to be used in conjunction with Volume One. Its contents is: 


Propeller Projected Area Forms, Standard Form Dotted. 
Actual Propeller Projections. 

Ship and Propeller Data. 

Barnaby Chart of Propeller Efficiencies. 

Chart for Hull Type. 

Chart for S.B.C. and K.B.C. 
Appendage Resistance. 

Chart for Power Loss Factor K. 
Chart for Basic Conditions. 

Chart for Basic Slip. 

Chart for Z and Zs. 

Chart for Cavitation Limits. 
Chart for Constant Apparent Slip. 
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P.A. 
D.A. ): 


Chart for I. T.a + (I- S.) and (E. T., X 


Chart for Projected Area Ratio Forms. 

Chart for Basic Conditions, Aero Propeller. 

Chart for Blade Forms, Aero Propeller. 

Problems, 1-12, Submarines. 

Type 2, Club-Footed Ship. 

Type 2, Orthodox Lined Ship. 

Type 3 Ship H’ much less than H. 

Design Problem 34. 

Very fine-lined and fast vessel H’. 

One, who desires to know the screw propeller and the many 
problems which enter into its proper design, will find that these 
volumes by such an authority as Admiral Dyson are in- 
dispensable. 





CuGLeE’s PracticaLt NAVIGATION. By CHARLES H. CUGLE. 
E. P. Dutton & Co., 681 Firru Ave., New York, N. Y. 


Captain Cugle’s Treatise on Navigation is doubtless the first 
off the press since the change from Astronomical to Civil date 
has become effective. Therefore, for students and beginners, 
and those who follow forms in computing observations without 
concerning themselves with theory, this work will be of con- 
siderable value regardless of any comparative merits otherwise. 
For the rest, the volume is a complete treatise in a field which 
does not offer much new ground to plough; its avowed object, 
to offer Navigation in as simple a light as possible, is reason- 
ably well accomplished —G. B. V. 





MERCHANT SuHip Types. By A. C. Harpy. D. Van 
NostRAND Company, NEw York. 


Written primarily for students, this book is nevertheless of 
general interest. Anyone interested in shipping, whether from 
a professional or lay point of view, will find the subject interest- 
ingly set forth, unusually well illustrated. 
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Water transport, both freight and passenger, is divided into 
two general groups, deep sea and costal; the types of vessels 
that have appeared, through a process of evolution, to meet the 
requirements of commerce and passenger service, keeping step 
with engineering progress, are treated by classes. What might 
be called specialized sea-going, the fishing industry, dredging, 
cable laying and maintenance, is briefly but well treated. 

There is sufficient attention paid to details of construction 
and machinery layout to give a comprehensive outline of the 


present standards of marine design and engineering practice.— 
G. B. V. 





INTERACTION BETWEEN VEsSELs. By R. B. Bopitty, 
COMMANDER R. N., BarrisTER-AT-LAw. D. Van Nostranp 
Company, New York. Price $3.50 net. 

As the author states, this work “is an attempt to collect into 
one volume the scattered information available on the theory 
of interaction, or ‘suction’, between ships and to deduce gen- 
eral results therefrom”. 

The collision between the Olympic and H. M. S. Hawke is 
dealt with extensively. There are eight chapters which con- 
sider vessels approaching on various courses and in both open 
and confined waters, as well as experiments which have been 
conducted, notably those of Admiral Taylor and Professor 
Gibson. 

This book is written in simple understandable language, is 
interesting and is of undoubted value to the seaman. All who 
are responsible for handling ships should read this volume. 
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ELECTION OF OFFICERS. 


The Council of the Society met on December 29th for the 
purpose of canvassing the ballots cast for the election of officers 
to take office January 1st, 1925 for one year. As a result of 
the vote and pursuant to the By-laws requiring that at least 
one member of the Council shall be an officer of the Construc- 
tion Corps, one an officer of the Coast Guard and at least two 
civilians, the following were declared duly elected: 


President: 

Rear Admiral C. F. Hughes, U. S. Navy. 
Secretary-Treasurer: 

Commander Bryson Bruce, U. S. Navy. 


Council: 


Rear Admiral B. C. Bryan, U. S. Navy. (ret). 
Captain W. T. Cluverius, U. S. Navy. 
Captain Q. B. Newman, U. S. Coast Guard. 
Commander S. M. Robinson, U. S. Navy. 
Commander H. S. Howard (CC), U. S. Navy. 
| Mr. J. F. Metten. 

Mr. H. M. Soithgate. 


ANNUAL DINNER—MARCH 14TH. 


At a meeting of the Council of the Society on January 6, 
1925, the annual dinner was discussed generally and the Presi- 
dent of the Society appointed a committee composed of Captain 

R. W. McNeely, U. S. Navy, Chairman, Commander H. S. 
Howard (CC), U. S. Navy, Commander C. S. Root, U. S. 

Coast Guard, Commander Bryson Bruce, U. S. Navy and Lt. 
Commander H. B. Hird, U. S. Navy, to make arrangements. 
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ASSOCIATION NOTES. 


The Committee is perfecting arrangements to hold this 
dinner on the evening of Saturday, March 14th, at the New 
Willard Hotel, Washington, D. C. 

Usual notices will be sent to all members. 


FINANCIAL STATEMENTS, 1924. 


The following statements show the transactions of the Society and the 
state of business for the calendar year 1924: 


STATEMENT OF INCOME AND EXPENDITURE, 


Publication : 
Dues 
Subscriptions 
Sales 
Advertisements 
Exchange 


Interest on Investments. . 


Publication : 
Printing 
Engraving 
Manuscript 
Drafting 
Postage 


Commission and Discount.............5.5 


Salaries: 
Secretary-Treasurer 
Clerk 


Banquet, 1924 


Membership Campaign, 1924.............0.e ee eee eee 


General Expense 
Current Profit and Loss: 


ee ee a ir) 


eer eee ee eeree 


Charged off for bad debts: 


Dues of Members... 


Advertising 


seer esee 


Income. 
er Regie Sarbanes hs $6,123.75 
G6 tT iis 8 Oe oes 2,644.38 
sla. Use bebe Wee 582.84 
alk Gr ie leae Waele a avai’ 3,215.73 
Bab Ss gis ae ano ety saree 1.67 
$12,568.37 
Shi AAW ee SOaths « eta TE aE OS 841.92 
$13,410.29 
Expenditure. 
Bc nasi o a gee ee $6,774.53 
sive ot il fh caiemrea 1,060.57 
ies AL Henne ce dakans 951.35 
aad omnes sa rater 8 8 x 4.00 
SOs au edd c bite 161.90 
203.84 
$9,156.19 
Wbe-e sieheieid dba eee ae $1,500.00 
7Giadit Si ae 1,000.00 
2,500.00 
RE RES LRG IP Tae Bee 255.65 
141.22 
Miiieg os eh iG token ceo irs 200.55 
«0+ $373.75 
«-. 125.00 
$498.75 


Charged off for deprecia- 


tion of Equipment... 




















ASSOCIATION NOTES, 


Less -credit for amounts. received from 
members and subscribers charged off to 
Profit and Loss, 1923.........0...0000% 34.15 480.27 12,733.88 





Net Gaip cide ccs weban eee tuiy cic i beacs s cncicae $676.41 


BALANCE STATEMENT. 


Assets December 31, 1924: 


Cash in bagi ss icc ios ac see oad anes wens $3,193.54 
Accounts Receivable : 
Advertisements ............cceueeeeees $1,591.45 
Dues eed ti dae $60 SI hs 581.25 
Sales. ec ee icet ods Pucca eee 38.75 
Subscrigtione40c46 ocr. ee ees cs 494.90 
Akimoff Propeller Company............ 15.00 
T.. E. Carpenter sci. s UG8i ees 5.00 
New York Shipbuilding Corp.......... 4.56 
cmipenepe: SORE 
Investments (All Bonds) : 
Armour Co. of Cel................0... $887.50 
Army and Navy Club................. 1,000.00 
Canadian. Northern Ry...............+. 1,115.00 
Hocking Valley R. R....2............. 1,682.50 
International Mercantile Marine........ 795.00 
New York Steam Corporation.......... 927.50 
Ohio Power GG, iockcocne sks keene 860.00 
Penna. Power & Light Co............. 882.50 
Swift & Goes eae es oe Gis catenin 917.50 
Washington Ry. & Elec. Co............ 4,230.00 
: 13,297.50 
Furniture 36 ck 454 eGs boc os keke we act aeraeteaeen 88.83 
———____—- $19,310.78 
Liabilities : 
Dues paid in advance..........ssssseee 167.84 
Subscriptions paid in advance-......... 998.65 
: 1,166.49 
$18,144.29 
Assets January 1, 10845..66. ccancde cc veenenanet cmaeesa ee wes 17,467.88 
Net Gain scce gsc ovis Vas ee Shaaeeis nat cee a eee $676.41 


The securities of the Society have generally appreciated during the year 
from the value at which they were carried on December 31, 1923. By order 
of the Council their book value was not changed. 

The following have joined the Society since the publication 
of the last number of the JoURNAL: 


_ ASSOCIATION NOTES. 


NAVAL MEMBERS 


Bielka, Rudolph P., Lieutenant, U. S. Navy. 
Dennenberg, John Y., Ensign, U. S. Navy. 
Holcomb, Harold Romeyn, Lieutenant, U. S. Navy. 
Moale, Edward S., Ensign, U. S. Coast Guard. 
Nulton, Louis M., Rear Admiral, U. S. Navy. 


ASSOCIATE MEMBER 


Katz, Morris Carl, 800 North 16th St., Philadelphia, Pa. 

The following were transferred from Associate to Civil 
Membership during the year: 

Clark, W. Charles M., Lieutenant Commander, U. S. N. 
R. F., 1844 East 85th St., Cleveland, Ohio. 

Gross, Charles F., Asst. Professor of Marine Engineering 
and Naval Architecture, University of California, Berkeley, 
Calif. 


Row, R. R., care Engineers Club, 32 West 40th St., New 
York City. 








